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FOREWORD 





Tuts foreword is addressed particularly to practitioners and students of 
medicine in the hope that it may help them to understand the great im- 
portance of a broad and flexible attitude toward fracture problems. It 
must always be remembered that details of treatment change to keep step 
with progress in medicine. 

Fractures form an important part of surgery. At the outset of a study 
of fractures it is desirable to have a general conception of the subject in 
order to approach it in the proper perspective. The skeleton serves to 
protect organs, allows the erect posture and makes locomotion possible. 
The skeleton itself may be regarded as an organ; it is a repository of cal- 
cium and manufactures red blood cells. Injury to the skeleton may damage 
vital parts. A fracture is a break of a bone, a break of an internal support 
of the body. A fracture is caused by direct or indirect force. A fracture 
is not alone the broken bone but it includes the damage to parts con- 
nected with the broken bone. The surgeon regards a fracture as a com- 
bination of happenings. The broken bone is only one of a series of events. 
With a fracture any organ of the body may be injured primarily or 
secondarily. 

The ordinary signs and symptoms of fracture are: 

Pain and local tenderness at the site of injury. 
Deformity of the part. 

Mobility of the part broken. 

Crepitus of bony fragments. 

A loss of functioning of the part. 

x-Ray evidence that a fracture exists. 

The use of the w-ray is an adjunct to a careful examination, to helpful 
control of treatment, and as a record of possible medicolegal value. 

For convenience fractures are grouped as closed or open. A closed 
(simple) fracture is one not open to the air through a wound. An open 
(compound) fracture is one communicating with the air through a wound 
of the soft parts. There are complete and incomplete fractures. These 
terms explain themselves. The complete fracture if in many pieces is 
called a comminuted fracture. If the parts of the fracture are driven to- 
gether it is called an «wmpacted fracture. If the fracture is through dis- 
eased tissue it is called a pathological fracture. If there are several frac- 
tures in one bone or in different bones these are said to be multiple frac- 
tures. If associated with a fracture there is damage to contiguous parts, 
as rupture of blood vessels, nerves, or viscera, the fracture is said to be 
complicated. The fragments of a fracture may be displaced with refer- 
ence to each other (angulated), slipped by each other in long axis of the 
limb (shortened) or there may be a rotation of one fragment in the long 
axis of the bone. If the fracture line crosses or enters a joint it is called an 
articular fracture. If the periosteal covering is not torn the fracture is 
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subperiosteal or greenstick. If an epiphyseal plate is entered by the frac- 
ture it is an epiphyseal fracture. 

The process of repair (Chapter XI, p. 158) is very much like that which 
follows injured soft parts. The granulation tissue formed in fracture of 
bone possesses the property of being converted into bone. The time re- 
quired for union to occur varies in fracture of the particular bone involved 
and varies in different individuals. 

As for the treatment of a fracture in general there are myths of the 
past that have yielded to the necessities of the present. We abandon the 
ideas: that a fracture of a bone can be “set”; that broken bones can be 
fixed adequately in plaster of Paris or splints; that the joint above and 
below the site of the fracture must be held immobile; that the bandages 
and splints fixing the fracture must be tight and constrictive; that the soft 
parts about a fracture, the skin, muscles, fasciae, nerves, and vessels, can 
be allowed to take care of themselves and may be neglected by the surgeon. 
Many fractures treated by these antiquated methods have resulted satis- 
factorily—this has occurred despite the methods used and not because of 
the methods. Prolonged fixation is harmful. If the internal support is 
lacking we must use a temporary support. Splints are necessary and 
valuable; they must be used properly. Consequently the traditional 
methods of treatment must be abandoned when incompatible with modern 
recent demands. Certain impacted fractures and those with longitudinal 
shortening without angulation may result in good and useful limbs. All 
other deformities (not angulation or bending) are followed by poor results. 

The treatment of a closed fracture following an accident resolves itself 
into six stages. 

. The first aid and transport of the injured person. 

. Making the diagnosis of the exact injury. 

. Overcoming the bony deformity or displacement. 

. Retaining the bone until healed. 

. Continuing the activity of muscle and the circulation of the part. 
. Securing functional recovery. 

Most fractures can be detected and diagnosed by ordinary physical ex- 
amination. The x-ray may confirm the diagnosis. The w-ray should be used 
as an aid. The diagnosis in most cases should be made before its use. 
The bony deformity must be overcome by traction and countertraction. 
Success depends on the method used rather than the amount of force. 
The fixation of a fracture after reduction must be maintained until union 
is firm. Fixation may be accomplished in several ways by splinting and by 
operation. The restoration of the function of the part injured will be by 
that treatment which is calculated to restore the natural use of the limb. 
In the treatment of fracture many disabilities may result: 

Failure of bony union. 
Delayed union. 
Fibrous union. 
Angulation. 
Shortening. 

Rotation of the part. 
Stiffness of joints. 
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Limited movements and tenderness of nearby and intact joints of 
muscles. 


Chronic edema. 
Injuries to blood vessels and nerves. 
Fat embolism. 

It is an axiom in the treatment of fractures that the fragment which 
can be controlled must be brought into alignment with the fragment that 
cannot so readily be controlled. This requires a pull or traction on those 
muscles attached to the fragments. Obviously those muscle attachments 
must be known. It may be difficult to restore the form of the bone by 
traction. Direct operative handling of the fracture may be therefore the 
first choice of treatment. 

It is thus evident that the medical student taking up the subject of 
fractures for the first time is confronted with an extremely interesting and 
very complicated subject—one which will require his closest attention and 
tax his anatomical knowledge and his developing judgment to the limit. 

When confronted with his first fracture the recent graduate and now 
young practitioner will if wise remember that individual fractures may be 
successfully treated by widely different methods and he will choose that 
method best adapted to the case in hand. Let the young man grounded in 
sound fundamentals use diligently his own thought and common sense in 
the treatment of fractures. 

Cuarues L. ScuppEr. 





PREFACE TO THE ELEVENTH EDITION 





Tuer past twelve years have seen many advances in the diagnosis and 
treatment of fractures. 

Industry and reckless automobile driving have contributed largely not 
only to these changes but also to the importance of fracture work in the 
practice of the general physician. 

I have found it necessary, therefore, in order to meet these new condi- 
tions and to include all these many advances, to rewrite the book com- 
pletely. All obsolete methods have been deleted; new methods of diagnosis 
and treatment have been added as well as hundreds of new illustrations. 

The presentation is systematically arranged and covers the entire sub- 
ject as fully as possible. While in most cases there are several methods of 
treating any particular type of fracture, each falling within sound funda- 
mentals, I have included here only those treatments that long experience 
has convinced me will give the best possible end-results. 

In the presentation of special fracture problems I have been fortunate 
in securing the assistance of men actively engaged, day after day, in doing 
those things about which they here write. I take this opportunity to 
thank these men and to state that I personally approve of the opinions ex- 
pressed in their contributed chapters. The name of each of these con- 
tributors appears at the beginning of that chapter which he has written. 

The many complications associated with fractures, the intricacies of 
treatment, the demand for good functional results, the variety of methods 
of treatment, recent advances in anatomy and physiology, all emphasize 
the importance of a good training in this part of the general practitioner’s 
daily work. I have endeavored to give the general physician as well as 
the surgeon clear and definite guidance in meeting fracture problems. I 
have taken full cognizance of the importance of adequately rendered first 
aid and proper transport, because the general practitioner must master 
these two factors if he wishes to see a full restoration of function and re- 
tain the respect of his community. 

I earnestly hope that my endeavors have succeeded and that this re- 
vision will meet with the same approval that has been so generously 
accorded other editions of this book. 

I value the cooperation of the publishers. 

Cuares L. Scupper. 


374 COMMONWEALTH AVENUE, 
Boston, Mass., 
November, 1938. 
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THE TREATMENT OF FRACTURES 





CHAPTER I 


A METHOD FOR MEASURING AND RECORDING JOINT 
FUNCTION! 


Epwin F. Cave, M. D., ann Sumner M. Rozerts, M.D. 


Wuen the Fracture Clinic at the Massachusetts General Hospital be- 
gan end-result studies, the need of a standard system of measurement of 
joint function became evident. Fractures lend themselves well to a follow- 
up system, because their end-results can be rated not only functionally, 
but anatomically and economically. 

Individual methods of measuring and recording joint function vary 
considerably and, when grouped together, may be confusing. Therefore, 
to be of value, records must be uniform and all members of a clinic should 
use the same nomenclature when recording their findings. 

This system has been made as simple as possible and does not pretend 
to cover the finer details of joint measurement. It is the result of ten 
years’ trial, plus helpful suggestions received from the Fracture Committee 
of the American College of Surgeons. 

It is hoped that this outline will prove useful and will simplify the 
comparison of statistics compiled by different clinics. 


GENERAL PRINCIPLES 

1. All motions should be measured by degrees from a neutral point 
of zero. 

2. The neutral point from which the motion is measured must be 
defined. 

3. It is always worth-while to mention the comparative motions in the 
joint of the opposite limb. 

4. Angles should be measured with a goniometer or protractor. 

5. Motions of joints above and below the affected part should be 
measured. 

SPINE 


Neutral position cannot be defined. 

1. Forward bending—this motion cannot be measured accurately in de- 
grees, but should be compared with the probable normal for the 
age of the patient. It should be noted whether the lumbar spine 
flattens or reverses itself. Motions should be carried out in both 
sitting and standing positions. 

1 Committee on Joint Measurement, from the Fracture Clinic of the Massachusetts 
General Hospital. Reprinted by permission from The Journal of Bone and Joint Surgery, 
April, 1936. 
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2, Extension—it should be noted to what degree the dorsal and lumbar 
curves change. 

3. Lateral bending—right and left. 

4. Rotation with pelvis fixed—right and left, comparing angle made by 
the shoulders with pelvis. 


i 
Forward Bending 


2 
Extension 





3 4 
Lateral Bending Rotation 


Fig. 1. 
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NECK 


Neutral position is with head up and chin in. 
1. Rotation—right and left. 
2. Flexion. 
3. Extension. 
4. Lateral bending—right and left. 


Neutral 


Extension 





1 2+3 
Flexion 
Rotation Pee 
Extension 





Lateral Bending 
Fig. 2. 
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SHOULDER 


Neutral position is arm to side, elbow flexed to 90 degrees, forearm point- 
ing forward. 
1. Flexion. 
2. Extension. 
3. Abduction—maximum 90 degrees. 
4. Rotation in abduction. 
5. Rotation in neutral (arm behind back to test extreme internal rota- 
tion—compared with opposite side). 
6. Elevation—compared with opposite side and measured in number of 
degrees. (This is shoulder-girdle motion as compared with items 
1 to 5 which are true humeroscapular motions.) 





thes ad 3 
Flexion and Extension Neutral Abduction 






‘N 
\ 





4 5 6 
Rotation in Rotation in Elevation 
Abduction Neutral 


Fig. 3. 
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ELBOW 


Neutral position is with forearm in extension. 


1. Flexion—measured from complete extension, the neutral point. 
2. Hyperextension—measured in degrees as compared with the opposite 


elbow. 


3. Supination from a neutral point—which is midposition between 


pronation and supination. 


4, Pronation—elbow must be fixed at side in 90 degrees of flexion. 
5. When there is loss of complete extension, this loss should be recorded 


in degrees of permanent flexion. 


Neutral 






Supination Pronation 
C- 


5+ 4 
Supination and Pronation 


Fig. 4. 





A 
\ 







4 Flexion 
7 


Hyper- 
extension 


1+2 


Flexion and Hyper-extension 


22 METHOD FOR MEASURING AND RECORDING JOINT FUNCTION 


WRIST 
Neutral position is with hand in line with forearm with palm down. 


1. Dorsiflexion (extension) . 
2. Palmar flexion. 

Ulnar deviation. 

Radial deviation. 
Pronation 
Supination 


A ee 


to be noted as described under ELBOW. 


Neutral 






N 
\\ Dorsal 
\ (extension) 





5 +4 
Flexion Deviation 
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FINGERS 


Neutral position is with fingers in extension. 


1, All motions are in flexion either in the metacarpophalangeal or inter- 
phalangeal joints. 


2. Hyperextension should be noted if present. 


3. Test should be made for increased lateral mobility. 


Dei ira 


Neutral 
in 
~s 
\ 
\ 
\ 
x 
SS 
1 2 
else! xii) on Hyperextension 
Fig. 6. 
THUMB 


Neutral position is with thumb alongside the forefinger and extended. 


1. Abduction—measured by the angle that the thumb makes with the 
forefinger. 


2. Flexion—measured the same as for the fingers. 


3. Opposition—cannot be measured in degrees; it should be noted how 
far thumb comes across the palm. 





3 
Neutral a Ag 
. Abduction Opposition 


Fig. 7. 
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HIP 


Neutral position is with hip in extension, patella pointing upward. 

1. Flexion measured with the knee bent. Opposite thigh must remain in 
neutral. 

1-A. To test permanent flexion, the opposite thigh must be flexed, so 
as to flatten the lumbar spine and to fix the pelvis. 

2. Hyperextension—neutral, the same as for flexion, but with the patient 
lymg prone with opposite thigh over the end of table at an angle 
of 90 degrees. 

3. Abduction—measured from a line which forms an angle of 90 degrees 
with a line joining the anterior-superior spines. 

4. Adduction—the same. 


Neutral 






Flexion 


ia ae 
\ Permanent Flexion 





2 
Hyperextension 


Fig. 8. 
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5. Rotation (external and internal) in extension. Measurement should 
be made with patient prone and knee flexed to 90 degrees. 

6. Rotation (external and internal) in flexion. Measurement should be 
made with patient on back with knee and thigh flexed to 90 
degrees. 


Internal External 





5 
Rotation in 
Extension 





Abduction Adductian 





3+4 6 
Abduction and Adduction Rotation in flexion 
Fig. 9. 
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KNEE 


Neutral position is complete extension. 
1. Flexion—measured in degrees from complete extension. 


2. Hyperextension. 
3. Anteroposterior stability should be tested with the knee in 90 degrees 


of flexion. 
Lateral stability should be tested with the knee in complete extension. 
4. When there is loss of complete extension, it should be recorded in 
degrees of permanent flexion. 


Neutral 





Hyperextension 


22 
Flexion and Hyperextension 


Fig. 10. 


ANKLE 


Neutral position is with the outer border of the foot at 90 degrees with the 
leg and in neutral as regards inversion and eversion. 
1. Dorsiflexion should be tested with the foot in inversion. 
Measurements should be compared with knee flexed and with knee 
in extension, to rule out tight calf muscles. 
2. Plantar flexion. 


Neutral 





wae 2 
Flexion 


Fig, 11. 
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FOOT 


Neutral position cannot be defined. 


tf 
2. 


on 
. Interphalangeal joints—tested in flexion and extension, and for in- 


nS 





Subastragalar motion is inversion and eversion. 

Mediotarsal joints (forefoot adduction and abduction) tested pas- 
sively with the os calcis held in neutral. 

Metatarsophalangeal joints—particularly important in the great toe. 


creased lateral mobility. 

Motions cannot be accurately measured in degrees. 

Mention should be made as to whether motion is abnormally free or 
restricted, and in which direction there is restriction. 


Forefoot Forefoot 
Adduction Abduction 





Eversion ‘Inversion 


1 2 : 3 
Subastragalar Mediotarsal Metatarso-phalangeal 
Fig. 1211 


1 All drawings in Chapter I by E. C. R. 


CHAPTER II 


THE REDUCTION OF FRACTURES UNDER FLUOROSCOPIC 
CONTROL : 


Auprey O. Hampton, M.D. - 


THERE are very definite risks to the surgeon in the use of the fluoroscope 
in the attempted reduction of fractures. 

An intern, at a well known hospital in the United States, lost by ampu- 
tation several fingers because of burns received while using the fluoroscope 
in the attempted reduction of fractures. The chief surgeon of the service 
had been assured that the machine used was absolutely safe. The internes 
had been likewise informed. Despite warnings given by the attending 
surgeon to the intern he assumed that he could safely take a chance— 
and was seriously burned. 

The ideal technic for the reduction of fractures under fluoroscopic 
control requires that the fluoroscope be operated by a roentgenologist. 

The roentgenologist should select the equipment, arrange satisfactory 
working conditions such as adequate protection, red lights and the various 
safety mechanisms. It becomes apparent that a roentgenologist should be 
responsible for the safety of fluoroscopic operations when one reviews the 
gradually increasing number of dangerous burns resulting from the rather 
haphazard use of roentgen-ray equipment by others than those specially 
trained. 

With the recent progress in the development of shock-proof roentgeno- 
graphic equipment there has been a corresponding increase in the number 
of serious skin injuries resulting from fluoroscopy. This is due to several 
factors. First, there seems to be a more general use of fluoroscopic equip- 
ment especially by those who have had no particular training; second, 
there has been a misunderstanding of the claims of the advertising manu- 
facturer. “Shock-proof,” “x-ray proof” and “safe” have been misconstrued 
to mean that the new machines now produce harmless rays. 

As a matter of fact, these newer machines are far more dangerous in 
so far as roentgen-ray burns are concerned than those machines made over 
twenty years ago. This is due to the fact that the distance of the tube 
from the patient or operator can be reduced markedly because there is 
no risk of electrical shock. 

Since the intensity or potency of the roentgen ray varies inversely as 
the square of the distance from the tube to the skin the time allowed for 
safe fluoroscopy likewise varies. For example, it is possible to use the 
fluoroscope safely four times as long at a skin target distance of 24 inches 
as it is at 12 inches. 

Ordinarily, the intensity from the apparatus, in general use, is about 
25 r per minute with the tube skin distance fixed at 24 inches. The dose 
which will produce an erythema of the skin, and this is a dangerous dose, 
is 350 r, or about fifteen minutes. If the machine varies somewhat in in- 
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tensity and all do, only one half of this time or seven minutes may be 
considered a safe exposure provided it is not received more than once 
every two months. Furthermore, if the distance of the patient from the 
tube is reduced to 12 inches the safe exposure time must be reduced from 
seven to one and three-fourths minutes. Another important factor influ- 
encing the safety of fluoroscopy is the tube voltage; for example, if the 
voltage is raised from 8000 to 90,000 volts the time of exposure must be 
cut in half. 

The effect of tube current or milliamperage upon exposure time is a 
direct one—that is, if 1144 milliamperes are used instead of 3 milliamperes 
the exposure time may be safely doubled. 

The standard fluoroscope is equipped with a filter of 1 mm. of alu- 
minum. This filter is of utmost importance since it doubles the time of 
safe fluoroscopy. 

In view of the above facts it follows that the fluoroscopic beam should 
be used sparingly upon the patient and not at all upon the hands of the 
operator. The skin effect of roentgen-ray exposures are cumulative and 
insidious in onset. There is no antidote and the results are too well known 
to require repeating here. 

The surgeon should protect his hands with lead rubber gloves if he 
desires to manipulate the fragments of a fracture while the fluoroscopic 
light is turned on. A much safer and perhaps a better method of reducing 
a fracture is to manipulate it by the red safety light, then view the results 
with the fluoroscope. 

As has been stated the roentgenologist should select, arrange and oper- 
ate the equipment. The selection of the proper equipment is of paramount 
importance. In general it should consist of: 

1. A dark fluoroscopic room. The reason for this is obvious—the 
fluoroscopic light is a weak one and cannot be used where extraneous light 
prevails. 

2. A foot switch which controls the fluoroscopic light. 

3. A red light which comes on automatically when the fluoroscope is 
turned off. This simple and inexpensive mechanism makes it possible to 
maintain ocular accommodation. The pupil of the examiner’s eye must be 
dilated and remain so if clear fluoroscopy with the minimum of roentgen- 
ray exposure is desired. Too often the intensity of the fluoroscopic light 
is raised to compensate for poor accommodation. Ocular accommodation 
is acquired by wearing dark glasses, or remaining in the fluoroscopic room 
for about ten minutes. 

4. Standard, lead rwbber gloves. 

5. A standard flworoscope is necessary for safe fluoroscopy. 

Make-shift apparatus should never be used for fluoroscopy. The manu- 
facturer rarely fails to give the proper advice for the purchase of fluoro- 
scopic equipment but the salesman may minimize the necessity of safety 
mechanisms for fear of increasing the cost to the point of losing a sale. 
The advice of a roentgenologist should be sought before such equipment 
is purchased and a roentgenologist should be consulted before such equip- 
ment is used. This is necessary if the operator hopes to avoid unnecessary 
expense, law suits from roentgen-ray burns and irreparable damage to 
his own person. 


CHAPTER III 


EXTENSION AND COUNTEREXTENSION 


Tue factors underlying the nonoperative or traction treatment are 
briefly as follows: 

(a) A longitudinally extending force applied to the distal fragment 
which will overcome the shortening and possibly correct the lateral dis- 
placement and angulation of the fragments. 

(b) The extending force must be free and unhindered. If the limb 
being extended rests on the bed or is held more or less rigidly in a splint, 
perhaps in a long outside splint if it is a fracture of the shaft of the femur, 
so much friction will exist between the limb, splint, and bed that the trac- 
tion force will be dissipated in overcoming this friction—much extending 
power on the fracture will be lost. 

(c) The traction force must be applied early after the fracture and must 
be adequate to at once effect reduction if the traction force is to be prop- 
erly used. 

(d) The tracting force must be so applied that massage and passive and 
active movements in the joints concerned may be practiced at a very early 
period in treatment before the longitudinal pull is removed or completed. 
Such application of the tracting force will allow joint motion later than 
massage methods, but earlier than the older plaster-fixation methods. 

Manipulations of fragments to overcome displacements and irregular- 
ities which simple traction will not eradicate may cause serious harm by 
getting muscle bundles and fascia and periosteal shreds and strings caught 
in between the fragments; by so disturbing, traumatizing the tissues at the 
seat of the fracture, including the bone ends, as to seriously hinder the 
reparative processes. The rotation of fragments on long axes may require 
more than an immediate primary correction. Perfect maintenance of the 
corrected position should be sought. Angwlation will need correction by 
changed position of the limb and by the appropriate direction of pull on the 
bone. This direction of the pull may need to be different from the simple 
straight longitudinal pull. 

It is coming more and more to be clearly understood just what can be 
accomplished by the traction method of treatment. The Great War dem- 
onstrated this on a very large scale and hastened information on this 
important question. I am speaking now of the ideal application of trac- 
tion to an ordinary uncomplicated fracture of a long bone. Skin traction 
is efficient up to a certain point; beyond this skin traction becomes useless 
and a distinct menace. Skin traction with a small weight will steady a 
limb, but will have little or no distracting effect on the fracture. Skin trac- 
tion with a heavy weight will affect the position of the bone fragments 
somewhat, sometimes sufficiently, more often insufficiently, but at the ex- 
pense of the integrity of the skin. The adhesive plaster too often will slip 
just short of accomplishing reduction. The glue traction may be an ir- 
ritant to the skin, although not usually. A very heavy weight applied 
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through the skin traction will not always overcome shortening—it may not 
be efficient. It excoriates the skin. Skeletal traction is available. A 
smaller weight will accomplish more applied directly to the bone, to the 
distal fragment, through caliper or pin than a much larger weight applied 
through the skin (about one third less weight by skeletal traction is 
needed). 

Skeletal traction is efficient in overcoming shortening. 

The maximum accomplishment of traction applied to skin or bone is 
always secured when it is applied early after the accident causing the frac- 
ture. The greatest efficiency is from early application. 

We are trying by treatment to overcome in a fracture not only HOHer: 
ing, but lateral and angular displacements. 

If apposition of the fracture fragments cannot be secured by traction 
within a week or ten days combined with manipulation and pressure, then 
the traction method fails. 

The displacement of the fragments of any fracture should at the outset, 
because of experience, indicate whether there is likelihood of success by 
nonoperative measures. 

Moreover, the age of the patient will indicate at once whether the par- 
ticular case may be successfully treated by traction methods. Most frac- 
tures in children under twelve years require only traction methods, non- 
operative skin traction with manipulation. 

Conclusions Regarding Traction Treatment.—Large groups of cases are 
being treated by ideally applied traction methods. The results in civil 
practice are coming to be known. The method is efficient. 

Its applicability must be carefully chosen. Its conduct must be ideal. 
The results must be published. 


METHODS OF SECURING EXTENSION AND COUNTEREXTENSION 


These methods are appropriately grouped as: Fixed Traction and 
Mobile Traction (Hey Groves) . 

I. Fixed Traction.—Early correction of length and alignment without 
or preferably with the assistance of a general anesthetic and then retention 
in a fixed splint with fixed traction. 

The Thomas Principle of Traction and Countertraction—1. The 
Thomas splint (Figs. 13-18). Traction to the foot of the splint; counter- 
traction on the tuber ischii of the patient (Fig. 18). 

2. Plaster of Paris spica (Fig. 151). 

II. Weight or Mobile Traction.—Early complete or gradual correction 
of shortening and malalignment with or without an anesthetic with con- 
tinuous weight traction, which acts constantly until union is firm, the 
traction then being transferred to the natural callus of repair. 

The Hodgen Principle of Traction, Countertraction, and Suspension.— 
1. The Thomas splint, slung, with traction by weight and pulley. The 
traction is made on the limb direct to the pulley, or through the splint to 
the pulley. 

2. The Hodgen splint, slung, traction to the leg through a pull on the 
splint. The original Hodgen method. 

3. Traction with the aid of the Steinman nail or caliper. The most 
efficient traction method (p. 39). 
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All other methods of traction and suspension, traction and fixation are 
modifications of or combinations of the Thomas (fixed traction) principle 
and the Hodgen (mobile traction) principle. Let the student master these 
two principles and he understands all. 

Method by Fixed Traction—The Thomas splint is a support for the 
limb while it is being extended. The splint, as used for fractures of the 
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Fig. 15.—Specifications for Thomas traction leg splint. Child’s size. (Fracture Committee 
American College of Surgeons, Blake, Osgood.) 
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Fig. 17a.—Robert Jones’ extension leg splint can be taken apart in middle. 
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lower extremity, consists of a metal ring covered with leather, and extend- 
ing from the ring are two side bars joined below the foot by a cross bar. 
The ring of the splint should fit the upper end of the thigh loosely, lying 
posteriorly in the fold of the buttock, so as to take a bearing upon the 
tuber ischii. The part of the ring in contact with the tuber ischii should 
be more thickly padded than the rest of the ring. 

Commercially, the splint may be purchased from instrument makers 
ready to be used. Harvey R. Pierce Company, Philadelphia, Pa., manu- 
facture the Pierce Alloy Thomas splint, light in weight, transparent to the 

















Fig. 18.—Balkan frame, illustrating the method of applying and suspending the Thomas 
traction leg splint with the Pearson hinged knee attachment. Lower leg band over heel incorrect. 
(M. G. H. Conference.) 


roentgen ray, and strong. Ordinarily it is 46 inches long over all. It may 
be had for adults in the following sizes—rings of 25 and 28 inches in diam- 
eter, inside measurement. The splint should be long enough so that the 
two uprights or lateral bars extend some distance, 6 inches or more, below 
the sole of the foot when the ring is pressed against the tuber ischii. The 
splint may be made longer than 46 inches if desired. This is the length 
ordinarily used. The ring may be considerably larger than the circum- 
ference of the thigh at the perineal level, provided the posterior portion of 
the ring is well padded and adapted to the tuber ischii. It is found im- 
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practicable to have rings of Thomas splints fitting accurately to each pa- 
tient, which, of course, would be ideal. The ring is placed by the instru- 
ment maker at 45 degrees with the upright of the splint on the inner side 
of the thigh and leg. The child size of the Thomas splint is 34 inches over 
all, with rings 18 and 20 inches in diameter, inside measurements. 

The Choice of Thomas Splint—A Thomas splint is selected whose ring 
fits the patient so that the hand can easily be passed between the ring and 
the anterior surface of the thigh at the perineal level. The smaller the 
ring, according to this measurement, the easier it is to maintain the splint 
in position. Very large rings are less comfortable for the patient. Before 
applying the ring the leather covering is softened with common soap. In 
the upkeep of the splint after it is put on, the leather ring, where it comes 
in contact with the ischium, should be soaped by the nurse once daily. 
The proper adjustment of a Thomas splint is such that the ring, if it is to 
exert pressure on the tuber ischii, should fit exactly without outside assist- 
ance. An oversized ring may be made to fit better if it is slung to an 
overhead frame—the ring is thus snugged against the ischium. 

Application of extension with Sinclair’s glue and gauze and woven 
bandage strips. The use of Sinclair’s glue is sometimes preferable to the 
use of ordinary adhesive plaster. The adhesive plaster tends to slip and 
the skin becomes damaged, resulting in great discomfort to the patient 
and the likelihood of infection of the abraded skin. 

The Sinclair foot piece or some modification may be used to control 
the ankle and foot, and to some degree the distal fragment of a fracture 
of the tibia. In the absence of this foot piece a strip of gauze may be 
glued to the sole of the foot and the foot slung overhead. 

The Slinging of the Limb in the Thomas Splint—Each sling is looped 
around the inner bar or upright of the splint, carried under the leg, and 
fixed on the outer upright by means of large safety-pins or clips. The best 
material for this sling is a thin flannel. 

Application of the Thomas Splint—We are assuming that the patient 
is completely anesthetized, but not regarding the seat of the fracture. (See 
fracture of the thigh and fracture of the leg.) The extension strips having 
been applied to the proper level on thigh or leg, the leg is held by traction 
and by supporting hands and the ring of the splint is slipped over the foot 
and limb and pushed home against the tuber ischii. The extension strips 
are securely tied at the end of the splint while traction is being maintained, 
the countertraction being against the tuber ischii. 

Method of Tying Traction Bands to Thomas Splint——See Osgood’s 
method of twisting traction bands to increase or diminish traction. The 
slings are placed at appropriate levels to support the limb comfortably 
and effectively in maintaining the desired position of the fragments. The 
foot is cared for by skate or traction strap. 

The Suspending of the Thomas Splint—The limb having been placed in 
the Thomas splint, the splint is slung or hung from the overhead frame or 
Balkan frame by cords attached to the two ends of the splint—that is, the 
upper ring and the lower end beneath the foot. Thus, we have the rigid 
fixed traction in the slung Thomas splint. This is a satisfactory method 
for temporary transport. The Hodgen splint may be used in the same 


fashion. 
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In a properly balanced suspension and traction the shifting of the body 
is automatically accommodated so that the alignment of the fracture frag- 
ments is undisturbed. 

The nearer the method of traction and suspension approaches the 
Hodgen principle of balanced suspension and traction from one point, the 
more ideal is the automatic adjustment (Lyle). 
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Fig. 19.—Thomas arm splint hinged (Murray) for transportation, arm at side (after Sir Robert 
Jones). 


Method by Weight Traction—The method by weight traction with the 
Thomas splint is the most ideal method of treating many fractures of 
the lower extremity. The application of the Thomas splint is the same as 
for fixed traction excepting that instead of attaching the extension straps 
to the lower end of the Thomas splint (fixed traction) they are attached 
to a spreader and cord and carried, as of old in Buck’s extension (Fig. 18), 
over a pulley. This traction (mobile) is made by a turn around the end 





Fig. 20.—Jones’ arm splint applied. Note traction, suspending slings, abducted position (after 
Sir Robert Jones). 


of the splint, Hodgen principle, or without the turn directly over the pulley 
attached to the foot of the bed or to the upright of the frame. The end 
of the splint may be fastened to the bed or upright of the frame and 
traction made over the pulley. Countertraction may be made on the ring 
of the splint or through elevation of the foot of the bed by the patient’s 
own body weight. The latter method is the preferable one. The condi- 
tions in each case will determine the most effective application of the forces 
of traction and countertraction. 
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if traction over a pulley is made on the limb with the lower end of the 
splint fixed and the foot of the bed elevated, the counteracting force against 
the ischium will be somewhat advantageously modified so as to avoid un- 
due pressure on the ischium by traction on the splint and by the patient’s 
body weight. 

The Knee Flexion Splint (Pearson) —To the principle of traction and 
suspension has been added the device in connection with the Thomas splint 
of the Pearson hinged knee flexion splint and a narrow foot piece. This 
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Fig. 21.—Method of application of Thomas traction arm splint (Murray pattern) in fracture 
of the upper end of the humerus: Adhesive traction strips are applied to the upper arm, traction 
being obtained by weight and pulley. The arm is supported on flannel or canvas strips pinned 
to the side bars of the splint. The elbow may be flexed, as shown, and suspended by means of 
additional traction strips to an overhead frame; or it may be placed in the extended position, in 
which case only one pair of traction strips, extending from the wrist nearly to the axilla, is used. 
(M. G. H. Conference.) 


may be purchased to fit any Thomas splint. Following traction or im- 
mobilization or both combined in treating fracture of the lower limb, the 
very greatest difficulty is the prevention of stiffness of the knee joint, or 
securing movement in the knee after stiffness has resulted. Traction on 
the leg is best made with the knee slightly flexed—25 to 30 degrees 
(Fig. 18). 

The Hodgen splint is made with a slight permanent angle at the knee. 

By fastening the Pearson knee flexion splint to the upright of the 


38 EXTENSION AND COUNTEREXTENSION 


Thomas splint an adjustable support for the leg is provided, which is of 
great value. It is used for ideal traction purposes on the leg, for advan- 
tageous position in femur fractures, for exercise during extension treatment, 
for maintaining flexion position of the knee in fractures associated with 
lacerated wounds. 

In fractures of the femur very little real immobilization is afforded by 
the Thomas splint excepting through the lateral bars and. the supporting 
slings. The knee, of course, suffers more nearly complete immobilization. 
Pearson’s hinged supplementary leg splint facilitates securing early motion 
at the knee (Fig. 18). 

In slinging the Thomas splint when carrying the lower extremity it is 
important to provide for the support of the buttocks, particularly if the 
fracture is in the upper third of the femur (Hey Groves). This is accom- 
plished by the use of an air-cushion ring. The thickness of the cushion is 
about the thickness of a bed pan, which permits the bed pan being slipped 
into place without disturbing the position of the thigh. This cushion may 
not always be useful. 


CHAPTER IV 


SKELETAL BONE TRACTION 


Tue applicability, the efficiency, and the simplicity of skeletal traction 
sufficiently recommend the method to the careful surgeon. 

The use of skeletal traction was developed because of the proved in- 
adequacy of other forms of traction. Traction by weight and pulley (1819), 
by adhesive plaster (1855), by the Hodgen splint (1860), by the use of 
the Thomas splint (1879) —all may prove to be inefficient where a heavy 
distracting force is necessary to overcome powerful muscular contraction 
and tense fascial retraction. 

It appeared that the force applied directly to the bone was far more 
efficient than the indirect pull applied through the surface skin; not only 
was less weight necessary, but this smaller weight applied directly to the 
nen accomplished more rapidly and far more satisfactorily the desired 
result. 
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Fig. 22.—A coronal section through t 
extra-articular to the knee joint. The epiphyseal line of the fibula is likewise extra-articular. 
The epiphyseal line of the femur is extra-articular on the outer side. On the inner side the 
synovial membrane of the knee joint overlaps the epiphyseal line. (Thompson, Annals of 
Surgery, 1918.) 


Several different instruments may be used to secure a hold on the bone. 
The ice tongs (Ransohoff) or caliper, Kirschner wire, the Codivilla or 
Steinman nail or pin, and the Finichetti stirrup are the usual instruments 
employed. 

Direct bony traction requires less weight than skin traction, and yet if 
needed more weight can be used than is physically possible by means of 
skin traction. Bone traction is painless and continuous. 

Places for the Application of Bone Traction.—The pin or caliper may 
be applied: 
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. To the condyles of the femur. 

. To the upper end of the shaft of the tibia. 

To the internal and external malleoli of the ankle. 

To the os calcis or above the os calcis. 

. Through the olecranon. 

. To the condyles of the humerus. 

. To the lateral mass of the tibia. Vg 

. The Condyles of the Femur—oOn the inner side a point is selected 
just above and in front of the adductor tubercle. And on the outer side 
a point is chosen in a more horizontal plane and directly in front of the 
iliotibial band. Caution: The synovial membrane of the knee joint and 
the line of the epiphysis in children are to be carefully avoided (Figs. 
22-24). 
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Fig. 23.—Lateral views of the distal extremity Fig. 24.—The knee joint distended 
of the right femur. A cross marks each epicondyle. with fluid. Note the contour and the ex- 
The line of attachment of the synovial membrane tension in various directions of the cap- 
to the bone is shown by a dot and dash line, b; the sular attachments to the bone. Note 
line of reflection by the dotted line, a (Thompson). appropriate, because safe, place for attach- 
ing or inserting caliper or pin to femoral 
condyles (after Davis-Piotti). 
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2. The Upper End of the Shaft of the Tibia—The tibia is transfixed 
just below and behind the tubercle of the tibia. The tibial transfixion is 
through avascular bone (Fig. 25). It is superficial and not deep. Trac- 
tion by tibial transfixion is directly at the insertions of the quadriceps and 
hamstring muscles. When tibial transfixion is employed the leg is placed 
in a position of flexion of both hip and knee and is suspended in a Hodgen 
or Thomas splint. Counterextension may be made by a perineal padded 
band on the sound side if necessary. This latter maneuver helps to secure 
abduction of the injured femur. 
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3. The Internal and External Malleoli of the Ankle—The exact spot 
for the application of the traction instrument, preferably a caliper, will be 
a bit above, % inch, the real malleoli on the shafts of the bones. The 
points of the caliper must be made to penetrate the cortex so as to secure 
a firm hold. The fibula surface is comparatively narrow and in order to 
preclude the possibility of the caliper slipping great care should be used in 
the exact placing of the point of the instrument (Fig. 28). 

4. The Os Calcis—The most efficient skeletal traction in fractures be- 
low the knee is from the os calcis pin (Fig. 29). The pin is put 
through the bone from without inward at a point 1 inch behind and below 
the tip of the external malleolus (Fig. 29). The position of the foot in 
external and internal rotation is under efficient control. It is thus possible 
to ascertain the extent and to adjust the rotation of the lower fragments 
of a fracture of the leg bones. A foot piece to the sole of the foot may be 
attached to the lateral traction rods. 


Fig. 26.—Skeletal traction. Note position 
of caliper on condyles of femur, if a rather an- 
terior spot is chosen, in order to assist in eleva~- 

Fig. 25.—Skeletal traction. Note the tion of upper end of lower fragment when 
carefully selected points for application of fracture is supracondylar accompanied by ordi- 
skeletal traction to condyles of femur (compare nary displacement. In order to avoid the knee 
with Fig. 24) and of tibia (after Hey Groves). joint capsule the caliper should be placed 
higher in the shaft than here indicated. 





The pin or nail should not be used in the os calcis of a child before the 
age of twelve or fourteen. There is but little solid bone in the os calcis 
before this time. 

5. Through the Olecranon.—Very occasionally fractures of the humerus 
will be most easily controlled by traction through a pin passed through the 
olecranon process of the ulna (Fig. 30). Such traction on a short %- 
inch pin is very effective. 

6. To the Condyles of the Humerus.—The application of a screw clamp 
for lateral pressure and traction (Hey Groves) is valuable in certain frac- 
tures of the lower end of the humerus. The lateral pressure is controllable 
by a set nut. The tips of the pins may be finished with more than one 
point, thus securing a firmer hold in the bone (Fig. 31). 

7. To the Lateral Masses of the Tibia——The same screw clamp is ap- 
plicable to fractures of the upper end of the tibia, pressing together the 
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already free fragments. Obviously, impacted fragments must be disen- 
gaged or broken apart—disimpacted—before this method can be efficient. 
The pin or nail used in skeletal traction is about 8 inches long, 4 mm. in 
diameter, is of steel, sharpened at one end and blunt at the other end. 
The Operation of Applying the Traction Pin, Wire, or Caliper.—A gen- 
eral or local anesthetic may be used, which will depend entirely on the cir- 
cumstances attending the case. ; 
Preparation of the skin should be very carefully made as for any major 
operation. This preparation should include the lower third of the thigh, 





Fig. 27.—Professor Key, Stockholm, tongs for bony traction. Note the tongs are now 
open. Used at the Maria Hospital, Stockholm, Sweden. The lock nut of this model prevents 
divergence or convergence of the grasp of the tongs once applied. Tongs are made of one piece 
of metal so that the circular double loop spring forms the handle. It is constructed of nonrustible 
steel. The easy application of this model of tongs is an important consideration (Key-Thorn- 


dike). 


the knee, and the upper third of the leg if the traction is to be made from 
the condyles of the femur. A wide area should be included in the local 
preparation wherever the traction is to be attached—whether the femoral 
condyle, tibial crest, or ankle malleoli. 

The skin at the site of application of the pin or caliper should be 
pulled upward. A stab incision to the bone is made and slightly enlarged 
so that the traction apparatus may rest eventually in the center of the 
short skin incision. The skin is then loose and free below the metal points. 

The caliper point is inserted through the incision and driven into the 
cortex by a sharp light blow from the hammer. The skin is allowed to fall 
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back into its natural position. As the pull is made on the caliper the skin 
incision is not impinged upon. The caliper should always be carefully in- 
spected to see if it is working well. 

Pain following the application and use of the caliper is ordinarily due 
to pressure on the skin by the steel instruments. If the instrument is prop- 
erly applied there will be no pain. 

If the Steinman nail is used the sharp-pointed pin is driven through the 
bone by a steel mallet. The opposite side away from the point of entrance 
is protected and supported by a thick small board covered with sterile 
towels. Against this firm support the pin can be driven into and through 
the bone readily. When the pin point reaches the skin on the opposite side 
it is exposed by a small skin incision as at the entrance point. Traction of 
the skin upward is made as on the entrance side. The weight is attached 
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Fig. 28.—Skeletal traction. Note Fig. 29.—Skeletal traction. Note point of trans- 
appropriate points of application of  fixion in os calcis or place of application of the caliper 
caliper or Kirschner wire to tibia and or Kirschner wire. 
fibula at malleoli. If points for appli- 
cation are carefully selected and the 
insertion is guardedly made traction 
from the malleoli may be made effec- 
tively in certain fractures of the leg. 


to the caliper tongs or to the handles which fit the pin through the cord 
from the pulley at the foot of the bed. 

The Dressing.—An occlusive dry dressing is very carefully applied and 
adjusted to each wound covering the adjacent skin for at least 6 inches on 
either side. Unless a wide area is dressed there is danger of infection from 
contiguous unprotected skin. Regular daily inspection of the security of 
the dressing will determine the frequency of change of dressing. I believe 
there is greater security in dressing such a wound frequently than at long 
intervals. Each time the wounds are dressed the dressing should be con- 
ducted absolutely aseptically. The keeping of the wound absolutely dry 
will be conducive to sterility. Dry boric acid powder dusted on the wound 
after bathing the skin with 70 per cent alcohol is satisfactorily combined 
with a dry sterile gauze dressing. 

Weight Necessary.—In recent fractures, within ten days, 10 or 15 
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pounds may be needed to bring the fragments of the femur or tibia into 
line. In older fractures, 15 to 30 pounds may be needed to accomplish this. 
In the older fracture it may require from six to twelve days to secure the 
maximum traction effect. 

Duration of Skeletal Traction.—Skeletal traction should be maintained 
until union of the fracture has definitely begun, possibly from four to eight 
weeks, and there is little or no danger of the slipping of the bone fragments 
following the removal of the traction. 

Technic of Removal of the Pin and Caliper.—lIt is just as important to 
remove aseptically the pin and caliper from contact with the bone as it was 
to apply them aseptically in the beginning. 

The Removal of the Pin.—The limb is supported as usual in its Thomas 
splint. The dressing is removed from the two lateral wounds. The weight 
is discontinued. The wound and parts about are thoroughly bathed with 
alcohol or benzine; the skin is touched with tincture of iodine, one-half 





Fig. 30.—Skeletal traction. Ex- Fig. 31—Note method of applying skeletal trac- 
tension in the humerus through trans- tion to condyles of the humerus. Instrument adjusted 
fixion of the olecranon of the ulna  soas to exert lateral pressure as well as capable of being 
(after Hey Groves-Aitken). used for a direct longitudinal pull (after Hey Groves). 


strength U.S.P. The steel pin projecting from the wound on each side is 
wiped carefully with alcohol, 70 per cent, and completely covered with 
tincture of iodine. The limb is supported and the pin is gently but firmly 
pushed through the bone on one side, and as it reaches the wound it is 
pulled completely out. The wounds are bathed again, touched with tinc- 
ture of iodine, and dressed aseptically with sterile gauze. 

Subsequent Course of the Two Lateral Skeletal Traction Skin Wounds. 
—Ordinarily, a few drops of serum or puriform looking material will appear 
at each wound. Granulation tissue will close the openings. The epidermis 
will close the wound completely. The slight cicatrix will contract a bit, and 
eventually there will appear simply two tiny scars slightly dimpled and 
unattached to the underlying bone to mark the position of the traction pin. 

Removal of the Caliper—The same preparatory technic will be used 
as in the application of the caliper. The two calipers are lifted out of the 
wounds on opposite sides. Otherwise, the procedure is similar to that fol- 
lowed in the removal of the Steinmann nail. 
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After Removal of the Skeletal Traction —The treatment of the fracture 
after the removal of the traction instrument will depend on the part con- 
cerned and will be considered under the femur and the tibia. In general 
it may be said that the continuance of the support of the fracture will be 
necessary and wise for a time in the suspended Thomas splint. 

Bony traction will be combined most advantageously with the Thomas 
suspension splint and ordinarily with the Pearson hinged leg attachment. 
The leather ring of the Thomas splint is suspended from the Balkan frame 
by sufficient weight and at such an angle as to keep the ring in contact 
with the ischium. The lower end of the splint is fixed to the foot of the 
bed or upright. The direct pull of the weight acts through the cord over 
a pulley on the upright of the Balkan frame. With the traction and 
countertraction great care must be taken of the perineum and ischial re- 
gion to prevent undue pressure. 

For application of bony traction to individual fractures see fractures of 
the femur and fractures of the tibia. 

Advantages of Direct Bony Traction.—(a) It is a mechanically sound 
method. Experience has proved that good alignment can be secured with 
uniformity. 

(6) The knee joint is free for active and passive movements. 

(c) The ligaments of the knee are not strained by traction. 

(d) The entire limb is free for inspection and for massage and for ad- 
justments. 

(e) It can be used when wounds of the thigh or leg are present, leav- — 
ing these wounds accessible for frequent dressings, as in certain compound 
fractures. 

(f) The axis of traction may be altered easily to suit the conditions of 
the fracture. 

(g) The institution of skeletal traction should be regarded as an opera- 
tive procedure demanding intelligent judgment and surgical skill. If judg- 
ment and skill are exercised in this operative procedure no untoward 
symptoms will arise. 

(h) It is a safe procedure. 

(¢) With the limb supported in a suspended Thomas splint with the 
Pearson hinged leg support early passive and active movement of the knee 
joint is possible, practicable, and profitable. 

Objections to Skeletal Traction.—Sepsis may start in the skin wound 
and spread to the bone extending to the adjacent joint; this joint becom- 
ing septic, amputation of the thigh may be necessary. This disaster has 
happened. It is preventable—should never happen. Any superficial in- 
fection in the skin wound is amenable to treatment, and if it occurs is usu- 
ally of a mild grade. 

Persistent discharging sinuses are said to have followed skeletal trac- 
tion, possibly associated also with some localized osteomyelitis. This is 
possible, but very rare. 

The nail may break. The caliper may slip or creep on the bone. The 
capsule of the joint may be opened. The epiphyseal line may be disturbed. 
The bone (os calcis) may be slowly cut through by the pin. All these 
things have happened, but not where surgical asepsis, judgment, and cau- 
tion have been exercised. 
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None of these objections should militate against the proper employment 
of bone traction when it is indicated. 

Blum! has called attention to the bad effects of an overpull in fractures 
of the shafts of the long bones when skeletal traction is used. The over- 
pull usually occurs in the first few hours after traction is begun. Unless 
the overpull is corrected immediately there is danger of a marked delay in 
healing of the fracture; operation may be precipitated in such a case; the 
time of hospitalization becomes a serious factor. Care must be exercised 
in deciding on the amount of the pull in each case placed on skeletal trac- 
tion. Thus and thus only will preventive measures be wisely instituted. 


1 Annals of Surgery, August, 1934. 


CHAPTER V 


BIRTH FRACTURES 
Avucustus THornp1ike, Jr., M.D. 


General Remarks.—In a recent review! of these fractures 115 cases were 
reported. It was striking to find at that time a scarcity of recent literature 
and since then a very few isolated reports have been published. Truesdell 
and Ehrenfest? have made striking contributions to the subject but since 
1925 very little has appeared other than sporadic reports of cases and 
apparatus used in the handling of such cases. In general these fractures 
are frequent enough to warrant more interest than has recently been shown, 
particularly as proper treatment oftentimes will prevent deformity. 

The incidence of these fractures in the series of 115 cases reported last 
year from the Children’s Hospital comprised 1:60 of all fractures com- 
ing to that hospital where the age limit is twelve years. Doubtless the 
special character of this institution may have accounted for the gravitation 
of these cases there, although in a series of 6000 fractures, 115 birth frac- 
tures are approximately a reasonable basis upon which to fix such a ratio. 
On the other hand from the obstetrical point of view the incidence varies 
from 39 birth fractures in 33,000 deliveries reported by Truesdell to be- 
tween 3.6 and 7.7 per cent femur fractures reported by Ehrenfest in breech 
deliveries alone. 

There is no argument that complications of fetal presentation and un- 
usual manipulative deliveries increase the incidence of fractures and play 
an important role in their etiology. The unusually small number of frac- 
tures reported from spontaneous or precipitate labor is interesting. Von 
Winkel’s® series of 216 cases of precipitate or spontaneous delivery with- 
out a serious injury is remarkable. It is the complications of the presenta- 
tion necessitating operative delivery that account for the majority of these 
fractures. One other and important etiologic factor should be mentioned 
and that is the size and weight of the baby. From a purely mechanical 
point of view, one can readily estimate the complications that arise from 
the delivery of a large baby. To illustrate this point the accompanying 
table is inserted: 


Bone. Weight recorded in Average. 
(Glawicle wensrms ere ister eee olen a) See 44 cases 9 pounds 
LUI ET US Sepa eo sd Sree Ae ee 24a 8 “14 ounces 
JV ORTEIDS Aim coe os Some rca bes eee ener 20 i 8 i‘ 
UDipiayanieetipo ular in riots erence: Pisa 8 


Therefore, the three most important factors in the production of these 
fractures are: (1) type of presentation, (2) type of delivery, and (3) size 
and weight of the baby. 
1 New England Journal of Medicine, Vol. 215, p. 1013, Nov. 26, 1936. 
2 Birth Injuries of the Child. D. Appleton and Co., 1922. 
3 Handbuch der Geburtshiilfe, 3: 635, 1907, Miinchen. 
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The idea that birth fractures are simple incomplete fractures that al- 
ways heal without difficulty is not true. The bones at birth appear to 
be. brittle and it is not uncommon to hear a bone crack when a fracture 
is produced during delivery. Furthermore, the 2-ray reveals a complete 
fracture usually with wide separation of the fragments. True intra-uterine 
fracture has not been seen in this series unless one includes cases of osteo- 
genesis imperfecta or fragilitas ossium. To include these latter is wrong, 
for they are due to a congenital and pathological entity and are not normal 
bones even in fetal life. Truesdell found no cases of intra-uterine fracture 
in his series. 

In carrying out treatment in these fractures the same general principles 
should be applied as in any fracture therapy. First and foremost, most of 
these are complete fractures often with considerable displacement. The 
first and most important step is an early diagnosis. Thirty-four per cent 
of this series of 115 cases were not recognized at birth. To be sure, most 
of these were in the clavicle where it is of least importance in the matter 
of end-result, but an error nevertheless is hardly excusable. In general, 





Fig. 32.—a-Ray fracture right clavicle. Fig. 33.—Method of fixation for fractures 
Note it is a complete fracture. of the clavicle. Skein of white yarn used in a 
figure-of-8. (Thorndike in New England Jour. 

of Medicine, Nov. 26, 1936.) 


the earlier the diagnosis is made, the easier the reduction and application 
of fixation, and the better the end-result. The second step is realignment 
of the fragments, important because soft callus forms so rapidly in this age 
group. (The author can recall total failure to move the fragments after 
five days.) The third and likewise important step is fixation. The methods 
of fixation adaptable to adults and the apparatus used are not applicable 
to the newborn, and the period of fixation in general is shorter. To neg- 
lect any one of these three steps in therapy may result unsatisfactorily 
in cases in this age group. Methods are recommended here for fixation, 
because they can be applied simply and easily and permit of proper care 
of the baby’s skin. 

Fractures of the Clavicle-—In general the most commonly overlooked 
fracture at birth, but good treatment today demands that proper early 
diagnosis be made. The most convenient method of fixation is with a 
skein of white yarn applied in a figure-of-8 fashion (Figs. 32, 33). The 
period of fixation is between two and four weeks until callus is abundant 
and firm. The amazing feature of these cases is that often disability and 
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symptomatology are so mild that they are overlooked. On careful exam- 
ination, however, the baby invariably will be found to move the affected 
shoulder girdle less than normal. This is a fracture where manipulative 
reduction is usually unnecessary. This bone is the most frequently frac- 
tured at delivery and formed 53 cases in the series studied. 





Fig. 34. Fig. 35. 


Figs. 34 and 35.—x-Rays of a case of fracture of the right humerus (anteroposterior and 
ateral views). This case is complicated also by a fractured clavicle. Note the fractures are 
not subperiosteal or “greenstick.” 


Fractures of the Humerus.—The next most frequent birth fracture 
comprised a group of 38 cases. It is always recognized at the time of de- 
livery because of marked symptoms—deformity, crepitus, swelling, and 
loss of function (Figs. 34, 35). Prompt and immediate steps should be 
taken to realign the fragments and hold them with axillary pad, coapta- 
tion splint, and a molded plaster from shoulder to thumb, together with 





Fig. 36.—Method of fixation for fractures of the humerus. Axillary pad, coaptation splint, 
molded plaster splint (from shoulder to thumb) and swathe. (Thorndike in New England Jour. 
of Medicine, Noy. 26, 1936.) 


a firm swathe about the body and splinted arm. The splinting apparatus 
should be long enough to support the wrist, as often there is an accom- 
panying temporary radial nerve paralysis (Fig. 36). The period of im- 
mobilization required is usually four to five weeks. This type of fracture 
is apt to be complicated by other nerve or bone injuries (see Com- 
plications) . 

4, 
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Fig. 37.—Case I. Birth fracture of the humerus, referred for roentgen examination after 


firm union had occurred. Note the callous mass at 


seat of fracture with the fragments fixed in 


external angulation. No attempt made at this time to correct the deformity. Kept under 


observation (Truesdell). 
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Fig. 38.—Case I (Fig. 37). At the eighteenth month even the curvature had been largely 
eliminated, the medullary canal reestablished, while the development of the bone had been 
unimpaired (Truesdell). 
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Fig. 39.—Case I. Little disparity between humeri at end of third year. The bones were 
of the same length, the functions of both arms were normal. There remains an insignificant 
outward curvature of the shaft of the humerus (see Figs. 37, 38) (Truesdell). 
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Fig. 40.—Case IV. Untreated birth fracture of the humerus of two weeks’ standing. 
Note new bone about the seat of fracture. There was fairly firm union; the displacement was 
very extreme (Truesdell). 


ETE 


Fig. 41.—Case IV. Following the roentgenogram at second week an attempt was made to 
correct the extreme deformity. This roentgenogram was taken after eight weeks. Note still 
an outward curvature of humerus. Note evidences of firm union (Truesdell). 
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Fig. 42.—Case IV. Nine months after the injury the bone was found well on its way to a 
restoration to normal. There was decrease in the outward curvature, the medullary canal had 
been reformed (see Figs. 40, 41) (Truesdell). 
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Fig. 43.—Case VI. Roentgenogram of birth fracture of the humerus on the eighth day show- 
ing the second and less common type of deformity in the transverse plane, lateral displacement 
of the lower fragment (see Fig. 44). 
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Fractures of the Femur.—A serious fracture which if not properly 
treated may result in permanent anterior or lateral bowing. First, accurate 
realignment of the fragments is essential, sometimes with coaptation 
splints. If one were to include here all the apparatus and methods of 
fixation described in the literature one would accumulate a pictorial vol- 
ume of most interesting devices, examples of human ingenuity. Any 
apparatus that produces skin pressure in the region of hips or buttocks 
is not to be recommended. However, inasmuch as simplicity and uniform- 
ity are great guides in progress the simpler and more efficient the means 





Fig. 44.—Case VI. At fourteen months the injured humerus was found to have nearly straight- 
ened out. Measurements and functions of the arms were equal (see Fig. 43) (Truesdell). 


of accomplishing and maintaining fixation the better. Bed on a board or 
Bradford frame, with both legs in 90 degree hip flexion and suspended on 
overhead traction of 2 or 3 pounds is all that is required. Objection might 
be raised that such a position interferes with convenient feedings in nurs- 
lings but on the other hand today with efficient breast pumps and scien- 
tific methods of formula feeding the baby can receive adequate nourish- 
ment. The period of time over which this fixation should be maintained 
is four to five weeks (Figs. 45, 46, 47, 48). 

It is only good judgment to discuss the favorable response given to the 
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report of Ryden’ when he brought to light again the plaster bed and angle 
iron traction apparatus originally reported by Schanz.? The use of such 





Fig. 45. Fig. 46. 
Figs. 45 and 46.—2-Rays of a case of fracture of the right femur (anteroposterior and latera 
views). Note the overriding. 


a piece of apparatus enables us to maintain traction while permitting nor- 
mal nursing in a breast-fed case. Many similar pieces of apparatus have 
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Fig. 47. Fig. 48. 

Fig. 47.—Method of fixation for fractures of the femur. Overhead mole-skin traction of 
both legs with baby on Bradford frame, held there by a body swathe, using 2 to 3 pounds’ weight. 
(Thorndike in New England Jour. of Medicine, Nov. 26, 1936.) 

Fig. 48.—Same as Fig. 47 only using homemade apparatus, laundry basket, table and 
wooden frame. (Thorndike in New England Jour. of Medicine, Nov. 26, 1936.) 


been reported but none so convenient as this. At the Children’s Hospital, 
Boston, we still believe in bed traction and the use of an electric breast 
pump for the maintenance of the milk supply. Other vacuum breast 

1 Ryden, A.: Birth Fractures of the Femur. Surg., Gynec. and Obstet., Vol. 60, p. 


1103, 1935. 
2Schanz: Praktischa Orthopaedica. Berlin, J. Springer, 1928. 
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pumps are in use and of some value. It is strange indeed today that any- 
one still feels that the baby must nurse, when there are artificial means 
available for obtaining this food product by mechanical suction. How 


many of our large dairy herds are not milked by mechanical suction 
machines? 





B C 
Fig. 49.—A, Schanz plaster bed with attachable traction iron and pulleys for femur frac- 
tures. B, Schanz plaster bed with attachable traction iron and pulleys showing its adaption to 


fractures of the humerus. C, Showing a nursling feeding at the breast while still in the Schanz 
apparatus. 


Fractures of the Leg—Much less frequent than one would suppose are 
fractures of the lower leg. However, they demand immediate and prompt 
treatment. First, realignment of the fragments followed by fixation in 
molded plaster splints or plaster bandage with knee flexion of 90 degrees 
is recommended. This should be maintained for four to five weeks and 
will need a second plaster somewhere in this period at about fourteen days. 
It is surprising how these babies can work their way out of this bandage. 
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If early treatment is not carried out and if the fracture is allowed to heal 
without adequate treatment, permanent bowing may result (see Com- 
plications) . 

Complications—In birth trauma the possibility of other nerve and 
muscle and bone injury must not be overlooked. In fracture of the clav- 
icle I reported 7 brachial palsies, only 1 of which was temporary, and 2 
facial palsies, and 4 ruptures of the sternocleidomastoid muscle (torti- 
collis). There was 1 case of a fractured humerus. In other words in 53 
clavicle fractures, 14 showed some nerve, muscle or bone injury. The 
humerus, however, is more frequently accompanied by further complica- 
tions, and in 38 cases there were 6 brachial palsies, 11 radial palsies (all 
temporary), 1 fracture each also in the skull, femur and clavicle, or a 
total of 20 showing some form of further nerve or bone injury. On the 
other hand, fractures of the lower extremity are not ordinarily complicated 
by nerve or muscle injury and the only complication recorded in 20 femur 














Fig. 50. 1D ee, le 
Fig. 50.—Fracture of the left tibia. a-Rays taken at three weeks of age. Note abundance 
of callus through which the original overriding of the fragments can be noted. 
Fig. 51.—Method of fixation for fractures of the leg. Plaster from toes to groin with knee 
and ankle both at least 90 degrees. (Thorndike in New England Jour. of Medicine, Nov. 26, 
1936.) 


fractures was an accompanying fracture of the humerus. Of 4 fractures 
of the leg only 1 case was complicated by a fractured clavicle. However, 
late sequelae from later operative interference to straighten bowing or bad 
results from early or neglectful treatment of leg fractures have resulted in 
nonunion, 1 case in a femur and another in the tibia. Every effort should 
be made to prevent the necessity for later corrective measures. If early 
adequate and appropriate treatment is carried out, the results will not 
warrant any further treatment. However, complicating and permanent 
nerve injuries from birth trauma need the prompt attention and services of 
a neurosurgeon. 

Fractures of the Skull.—lIt is rare that fractures of the skull appear in 
this age group. It is much more common to find injury to the brain from 
birth trauma and a normal and intact skull. Fractures have been reported 
and only those with definite depression of the fragments require treatment 
and then of course operative. Simple linear fractures heal spontaneously 
but the depressed or dimple type fracture should be elevated. It is an 
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operation that should not be undertaken lightly. The skull should be 
trephined just without the area of depression, then a thin dissector or 
elevator should be most gently slid extradurally under the depressed or 
dimpled area and with gentle pressure the depression reduced. More often 
than not it snaps out as the dent or dimple in a derby hat. Kosmah, Kerr 
and Twenly have devised certain special instruments for this procedure, 
but Davis’ technic is simple with a periosteal elevator. This operation 
should be performed within twenty-four hours if possible. 





Fig. 52. Fig. 53. 


Fig. 52.—The lateral bowing in an inadequately treated case of birth fracture of the femur. 


x-Ray taken at sixteen months of age. (Thorndike in New England Jour. of Medicine, Noy. 
26, 1936.) 


Fig. 53.—The anterior bowing in an inadequately treated case of birth fracture of the 
tibia. «-Ray taken at thirteen months of age. (Thorndike in New England Jour. of Medicine, 
Nov. 26, 1936.) 


Epiphyseal Injuries Due to Birth Trauma.—Truesdell in his pioneer 
work! on this birth injury collected a remarkable series of cases with in- 
juries to both upper and lower humeral and femoral epiphyses. 

The symptoms and signs presenting are those due to a large subperios- 
teal hemorrhage, simulating that which one sees in older babies suffering 
with advanced scurvy. a-Rays taken early often fail to reveal any evi- 
dence of injury or dislocation but after ten to fourteen days calcium is 
laid down in the hematoma and the diagnosis is confirmed. 


1 Birth Fractures. Paul B. Hoeber, Inc., 1917. 
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The treatment should be entirely conservative. From experience with 
cases of advanced scurvy where the epiphyseal plates often are completely 





Fig. 54.—Depressed fracture of parietal bone. Forceps delivery. 





Fig. 55. Fig. 56. 
Fig. 55.—Truesdell’s diagrammatic sketch of the subperiosteal hemorrhage in epiphysis 
injuries. : Ay, f 
Fig. 56,—Birth injury to upper femoral epiphyses. 2x-Ray taken on admission to hospital 
at three and a half months of age. Note excess periosteal proliferation around neck and upper 
shaft, repair still active. 


dislocated and floating in the hematoma, we know that the new shaft is 
laid down to align the epiphysis properly as the bony repair advances. 
Identically the same subperiosteal hemorrhage exists in birth injuries to 
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the epiphyseal plate and, as the hematoma absorbs, calcium is laid down 
in it and a new shaft repaired. Aitken has shown that this is true in older 





Fig. 57. Fig. 58. 


Fig. 57—A four months’ baby with an advanced case of scurvy, in the healing process. 
Note large area of subperiosteal hematoma of both lower femoral epiphyses and lower right 
tibial epiphysis. Note the dislodged lower epiphyses of the femora. 

Fig. 58.—«-Ray taken twenty-nine months later of case shown in Figure 57. Note perfect 
realignment of lower femoral epiphyses. A striking example of bony epiphyseal repair. 


children with traumatic epiphyseal displacement. This series of events 
is even more rapid and dramatic in the newborn. 


CHAPTER VI 


EPIPHYSEAL INJURIES 
ALEXANDER P. Artxen, M.D. 


Fractures of the epiphyses are among the commonest injuries of child- 
hood. Until recently, accurate studies of the end-results of these fractures 
have not been made. As a result, there have been many diversified opin- 
ions as to treatment and much confusion in the prognosis of such injuries. 
The anatomical structure of the growing epiphysis has not been clearly 
understood. Consequently, the significance of the various types of fracture 
has not been recognized. Although the type of fracture is the most impor- 
tant factor in the consideration of epiphyseal injury, there are other factors 
which are of importance. 

1. Anatomical location. The position of an epiphysis determines to a 
great extent its susceptibility to injury. Epiphyses about the wrist, ankle 
and elbow are the most commonly injured. 

2. Construction of adjacent joints. Epiphyses adjacent to freely mov- 
ing joints (shoulder) are less apt to be seriously injured than those adjacent 
to joints of limited motion (ankle). 

3. Size and shape of the epiphyses. Generally speaking the smaller and 
more regularly shaped the epiphysis, the less the degree of trauma required 
to fracture it. The larger or the more irregular epiphyses require more 
severe trauma and are consequently more apt to be seriously damaged. 

4, Age of the patient. 

5. Height of the patient. 

6. Weight-bearing. 

7, Activity and growth. Epiphyses which are actively growing are more 
apt to show the effects of fracture than similarly injured epiphyses of less 
active growth. 

These various factors will be discussed at length later on. However, 
it can be seen that these factors vary with each epiphysis, so that in a 
discussion of epiphyseal fractures not only must each epiphysis be con- 
sidered individually but each type of fracture in the same epiphysis must 
be considered individually. 

Types of Epiphyseal Fracture-—A more complete description of the 
structure of an epiphysis is given in another section of this book. How- 
ever, to simplify the explanation of the types of epiphyseal fracture, we 
consider the epiphysis as consisting of 5 layers (Fig. 59). 

1. The first layer is the bony epiphysis. This forms the terminal por- 
tion of the bone and in most instances forms the articulating surface. 

2. Lying between the bony epiphysis and the cartilage plate is the 
second layer. In this region the cartilage cells of the epiphysis are being 
replaced by the bone cells of the bony epiphysis and represents the area 
at which the bony epiphysis is growing. 

63 


64 EPIPHYSEAL INJURIES 


3. This layer is the cartilage plate. It is from the cells of this plate 
that future growth in length of a bone will occur. Damage to this layer 
is the all important factor in epiphyseal injuries. 

4. Between the cartilage plate and shaft proper is another zone made 
up of degenerating cartilage cells and new-formed bone and represents the 
area at which the shaft is growing. Because growth from the shaft side 
of the epiphysis is more active than growth from the side of the bony 
epiphysis, this layer is much larger than the second layer. Both these 
layers are highly vascular and because the new-formed bone is soft, these 
areas are susceptible to injury. Fracture through these areas, however, 
are not serious as the cartilage cells are degenerating and are about to be 
replaced by bone. Damage to the cartilage plate itself, however, is a 
serious matter as further growth of bone rests upon the integrity of the 
cells within the plate. 

5. This layer is the end of the adult shaft. 





Fig. 59.—Usual types of fracture. A, Structure of normal epiphysis. Heavy black areas 
represent layer of spongy bone and transitional cartilage. Dotted area represents cartilage 
plate. B, Type I fracture. The fracture line runs parallel and proximal to the cartilage plate 
through the layer of newly formed bone and transitional cartilage (fourth layer) and emerges 
through the shaft. There is no fracture of the cartilage plate itself. The entire epiphysis is 
displaced en masse. C, Type II fracture. Fracture line crosses the bony epiphysis and emerges 
distal to the cartilate plate through the zone of spongy bone (layer 2). The cartilage plate is 
not fractured. D, Type II fracture. Fracture line crosses bony epiphysis, first layer of spongy 
bone, cartilage plate, and emerges distal to shaft through second layer of spongy bone (layer 4). 
There is a fracture of the cartilage plate in this type. E, Type [JI fracture. Fracture line crosses 
all layers of epiphysis and emerges through the shaft. 


With these layers in mind, the three types of epiphyseal fracture can be 
readily understood. Type I fractures are due to a shearing or twisting 
force, such as a fall upon the outstretched hand. The fracture line runs 
through the fourth layer, between the cartilage plate and shaft proper. 
This layer, it will be remembered, consists of transitional cartilage and 
new-formed bone. There is usually a chip fracture of the shaft. There is, 
however, no fracture of the cartilage plate itself (Fig. 59, B). The entire 
epiphysis is thus shunted off en masse with little or no damage. Deformity 
following this type of fracture is consequently rare as the cells of the car- 
tilage plate have not been damaged. This type of fracture is by far the 
most common. Displacement in this type may be very great. 

Type II fracture is due to a combination of crushing and shearing 
forces. This appears on the roentgenogram as a fracture across the bony 
epiphysis which does not involve the shaft and shows little, if any, dis- 


FACTORS INFLUENCING SUSCEPTIBILITY TO FRACTURE 65 


placement. The line of fracture may emerge between the cartilage plate 
and the bony epiphysis through the layer of newly formed bone (Fig. 
59, C). Should the line of fracture follow this course, then no material 
damage is done the plate. However, the fracture line may cross the plate 
and emerge between the shaft and the plate through layer 4 (Fig. 59, D). 
Should this happen, there would then be definite damage to the plate and 
deformity would result. Whether the cartilage plate has been crossed or 
not cannot be determined, either clinically or by a-ray, in this type of 
fracture. A guarded prognosis must therefore be given. 

In Type III fractures the injury is due to a crushing force. The bony 
epiphysis is driven against the shaft causing a fracture of both. The 
intervening cartilage plate is thus crushed between the two bony struc- 
tures. This type of injury appears on the z-ray as a fracture extending 
through all the layers of the epiphysis and emerging through the shaft 
(Fig. 59, E). Displacement is usually slight. There is definite damage 
to the plate and ossification usually appears at the point of crushing within 
a few months of the injury. The remainder of the epiphysis continues to 
grow and deformity results (Fig. 87). 

It can thus be seen that deformity following epiphyseal fracture is due 
to crushing at the time of injury. It should also be borne in mind that 
during osteotomy for correction or during open reduction the epiphyseal 
plate may be damaged and a simple Type I fracture thus converted into 
a Type III fracture. An epiphysis so injured will develop deformity 
despite any attempts we might make to prevent it. 

The epiphyses vary greatly not only in their susceptibility to fracture 
but also to the type of fracture. The most common type of fracture is 
Type I, and all epiphyses are susceptible to it. 

Premature Ossification and Retardation of Growth.—Although deform- 
ity following Type I fracture is rarely seen, retardation of growth and 
premature ossification with resulting shortening do occur. A large per- 
centage of these fractures show some shortening but considering the large 
number of fractures seen, clinical shortening is relatively uncommon. In 
none of the Type I fractures of the distal radial or distal tibial epiphyses 
has the author ever seen shortening which could be detected clinically. 
Premature ossification occurs frequently. However, the interval of time 
elapsing between the date of ossification of the injured epiphysis and that 
of the normal epiphysis is so slight that the resulting shortening is neg- 
ligible. 

: Factors Influencing Susceptibility to Fracture—Location—Children 
are very prone to fall upon the outstretched hand. This accident may re- 
sult in either a fracture of the distal radial epiphysis or a fracture of one of 
the epiphyses of the distal humerus. Falls upon the feet are also extremely 
common, resulting in fractures of the distal tibial epiphysis. Other epiph- 
yses are much less commonly fractured. 

The frequency with which the epiphyses are fractured is in the order 
named. 

1. Distal radial epiphysis. 

2. Internal epicondyle of humerus. 

3. Capitellum and external condyle. 

4. Distal tibial epiphysis. 
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. Proximal humeral epiphysis. 
. Proximal radial epiphysis. 

. Distal femoral epiphysis. 

. Proximal femoral epiphysis." 
. Proximal tibial epiphysis. 

Construction of Adjacent Joints—Mortise-shaped joints, such as the 
ankle and to a lesser extent the wrist, render the distal radial and tibial 
epiphyses susceptible to crushing injuries. It is the normal function of 
these joints to limit lateral motion. When a force is applied so as to force 
lateral motion at the joints, fractures of the mortise and the epiphysis are 
apt to occur. For example, a fall upon the foot, especially with the foot 
in inversion, forces the astragalus up against the internal malleolus (Fig. 
60) causing this structure to fracture off. As the force is continued, the 
malleolus (bony epiphysis) is driven up against the shaft causing a fracture 
at this point. The cartilage plate fractures and is crushed between the two 
bony structures. A similar mechanism applies to the wrist. Forced radial 
deviation of the hand drives the scaphoid against the radius causing a 
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Fig. 60.—Diagrammatic drawing showing mechanism of production of a crushing Type II 
fracture of distal tibial epiphysis by forced inversion of astragalus. 


fracture through the bony epiphysis. The line of fracture extends up 
through the cartilage plate and out through the shaft. Such crushing 
injuries are frequently seen in the lower tibia, are occasionally seen in the 
radius, but are rarely seen in the other epiphyses. 

Size and Shape of the Epiphysis—Generally speaking, the larger the 
epiphysis the less susceptible it becomes to fracture. Irregularity in the 
contour of the epiphysis is another factor which safeguards against fracture. 
The distal femoral epiphysis which is large and slightly irregular and the 
proximal humeral epiphysis which is also large and irregular are less fre- 
quently fractured because of these factors. 

Factors Influencing Premature Ossification and Retardation of Growth. 
—Age.—tThe age of the patient at the time of injury is of importance 
especially as regards premature ossification and retardation of growth. 
Fracture occurring in cases near the time of normal ossification will show 
little or no shortening. Fractures in the very young, however, may even- 
tually show considerable shortening as there is a longer period of time over 


1 The proximal femoral epiphysis is placed low in the list as we cannot be sure that 
the commonly seen slipped femoral epiphysis is due entirely to trauma. 
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which it may develop. This is particularly true of the proximal humeral 
and distal femoral epiphyses. 

Height—The height of a patient is another important factor. If a child 
has attained the height of his parents or has surpassed them, he has 
probably but little growth ahead of him. Should shortening occur follow- 
ing a fracture in such a child, it will probably be very slight. Conversely 
if the child is small in comparison with his parents, there is probably a 
period of active growth to come. Should shortening develop in this child, 
it might assume real clinical significance by the time he has reached his 
full growth. It must be borne in mind that in the great majority of cases 
of Type I fractures, premature ossification and retardation of growth are 
of little significance, but they do occur. 

Other Factors——Retardation of growth with shortening are more com- 
monly seen in the proximal humeral and distal femoral epiphyses than in 
any other. This is probably due to the fact that these epiphyses are the 
most actively growing in the body in that they contribute the major 
amount of growth to the longest bones. Both are not only large but are 
irregularly shaped and are thus capable of withstanding all but the most 
powerful forces. The shape of the epiphyses not only adds to their 
strength but when fracture occurs prevents the epiphysis from breaking 
off clearly. There is seldom crushing so that deformity does not occur but 
the plate may be damaged so as to retard growth. In the majority of 
the author’s cases, measurable shortening has been present in fractures of 
these epiphyses. Shortening in the humerus amounting to 114 inches may 
be present without the patient’s knowledge. This is due to the fact that 
there is no concomitant bone to accentuate the shortening, and also 
because the humerus is nonweight-bearing. The same amount of shorten- 
ing in the femur is, however, promptly noticed as the patient walks with 
a limp. The importance of weight-bearing can thus be seen. 

Lengthening.—Occasionally one sees a case following a Type I fracture 
in which there has been an increase in the length of a limb. The author 
has seen 4 such cases following Type I fractures of the distal radial 
epiphysis. This lengthening could be measured on the roentgenogram but 
was of no clinical importance. Why some epiphyses show an increase in 
length while most show shortening is not known. It can hardly be ex- 
plained on the basis of increased hyperemia at the time of fracture. 

Malposition.—It has been the teaching in the past that anatomical 
reposition of all epiphyseal fractures was essential in order to prevent 
deformity, the theory being that growth in the line of displacement would 
occur unless the displacement was corrected. This teaching has been 
based upon theory rather than upon fact. Nature protects the grow- 
ing epiphysis far more zealously than she does adult bone. Any displace- 
ment of an epiphysis following fracture is corrected within a few months 
(Fig. 61). When an epiphysis has been so displaced the periosteum, 
which is firmly adherent to the epiphysis, becomes stripped off the shaft on 
the side of the displacement. The periosteum on the opposite side tears 
away from the epiphysis. A triangle is thus formed by the epiphysis, the 
shaft and the periosteum which remains attached to the epiphysis but 
which has stripped off the shaft. This triangle then becomes filled with 
bone, laid down by the periosteum. In this way the shaft is built out to 
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meet the epiphysis. The opposite side of the shaft absorbs so that a few 
months after the injury the entire shaft appears to have swung over to 
meet the epiphysis. For a few months the shaft appears deformed by 
x-ray. As the child uses the limb, however, the normal bowing of the 
shaft returns and the shaft and epiphysis again assume a normal relation- 
ship. The epiphysis is thus united to the shaft within a few months, and 
the normal curve is established in the shaft within two years of the time 
of injury. Such correction will occur at any age, even in those patients 
who are near the age of normal ossification. These cases may fuse before 
correction is complete but the realignment of the shaft and epiphysis 
continues until a normal position is reached. Displacement of Types II 
and III are also corrected in the same manner but deformity from unequal 
growth occurs in those cases in which the cartilage has been fractured or 
crushed. Fractures of the capitellar epiphysis in which complete rotation 
has occurred will not show this correction. This epiphysis is the point of 
origin of the extensors of the forearm. These muscles pull the fragment 
forward, completely invert it and also completely rotate it in a sagittal 
plane (Figs. 111, 112). The cartilaginous surface of the epiphysis thus 
comes to lie against the soft parts while the articulating surface faces the 
fractured surface of the shaft. Such complete rotation is not corrected by 
Nature. Displaced fractures of the proximal epiphyses of the radius and 
femur likewise are not apt to be corrected. These are the only epiphyses 
which do not show correction. Furthermore, these are the only epiphyses 
which are completely intra-articular. 

Reduction.—Every epiphyseal fracture should be reduced as accurately 
as possible. If repeated manipulations fail to correct the displacement, 
the best possible position should be accepted. Within a few months 
Nature will correct the remaining displacement. With the exception of the 
rotated capitellar epiphysis, open reduction should not be done. Although 
many cases of epiphyseal fracture, which have been openly reduced, show 
no ill effects, in some cases the cartilage becomes injured during the opera- 
tion. A simple Type I fracture is thus converted into a Type III fracture 
and growth disturbance follows. This damage is especially apt to follow 
if an osteotomy is performed at the epiphyseal line. Transfixing the 
epiphysis to the shaft by means of pins, nails or screws should never be 
done. This form of fixation destroys the cartilage and causes prompt 
ossification at the point of transfixion. 

Malposition and Retardation of Growth.—Those cases which are left in 
poor position and which are corrected by Nature show no more shortening 
than those which are anatomically reduced. Repeated manipulations, if 
carefully done, have little if any effect upon the cartilage plate. The 
degree of original displacement is no indication of the amount of damage 
done to the cartilage plate. In the author’s experience, those cases showing 
the greatest amount of shortenmg had the least amount of displacement. 

Time of Appearance and of Ossification—The following table of the 
dates of appearance and of ossification of the epiphyses is taken from 
Cohn’s “Normal Bones and Joints,’ Paul B. Hoeber, Inc., Publishers. 


FRACTURES OF THE DISTAL RADIAL EPIPHYSIS 69 








Epiphysis. Appears. _ Completely ossifies. 
























































Upper humeral................| 7 weeks 19-20 years 
Internal epicondyle............ As early as 7 years, not constantly | 15-17 years 
present till 11 years 
External epicondyle............ Not ordinarily as separate epiphysis | 15-17 years 
Capitellummenaso. 32 oe Seventeenth month | 15-17 years 
Trochlearserceer eee ee As early as Fades year, not con-| 15-17 years 
stantly present till eleventh year 
iHeadiotsradtusn = pamre eee: Occasionally at 5 years, constant at. 13-14 years 
7 years 
Olecranontee ny 2c. see Eighth year 14 years 
Distaliradialee eee eee 6 months 20-21 years 
WD ist at lenin srs oo. eek accu oe 6-7 years | 20-21 years 
Headtofstemura. eater eee Second half of first year | 15-16 years 
Greatemtrocaanter tees eee 5 years 15-16 years 
Messer trochanter] sa. -s0. 470 9-11 years 15-16 years 
Wowemlemoralaae er ate ae Present at birth 19 years 
Wpperstibiaw a. verge mores Present at birth 19 years 
Wpperaibulamece cores aare About fifth year | 15-18 years 
owettibiicer rn ete ee 5 months 18 years 
[baie bys oc.o gosgob eared on 13 months 18 years 








Fractures of the Distal Radial Epiphysis.—This is the epiphysis from 
which the radius derives its growth in length. It is fairly large, of regular 
shape and lies at right angles to the long axis of the shaft. It appears at 
six months and undergoes complete ossification by the twentieth year 
(Cohn). In the author’s experience the average age of ossification is much 
earlier than that given by Cohn. We find that ossification in the female 
occurs between the fifteenth and sixteenth years; in the male between the 
sixteenth and eighteenth years. Fractures of this epiphysis are caused 
by the same forces as produce Colles’ fracture in the adult; i. e., a fall 
upon the extended hand. Fractures may occur at any age. We have seen 
fractures as early as the fourth year and as late as the eighteenth. The 
greatest number of fractures occur, however, between the ages of ten and 
sixteen. 

This epiphysis is more commonly fractured than any other due to the 
frequency with which children fall upon the outstretched hand. Well over 
95 per cent of all fractures are of the first type. The usual displacement is 
backward with a backward rotation of the epiphysis. Lateral displacement 
is not seen so frequently as in the adult Colles’ fracture but is by no means 
rare (Figs. 61, 62). Anterior displacement is rarely seen (Fig. 64). Bi- 





Fig. 61.—Type I fracture in patient nine years old. A, Position on admission to Boston 
City Hospital, six weeks after injury. Note marked dorsal displacement: of epiphysis with 
fracture of the diaphysis. Fragment rotated backward about 50 degrees. Manipulation failed. 
B, Two months after admission. Note absorption of volar portion of shaft and formation of 
callus between displaced epiphysis and dorsum of shaft. C, Four months after admission; 
callus now completely formed. Note further absorption of volar portion of shaft; some correc- 
tion in backward rotation and evidence of old shaft. D, Six months after admission. E, Eight 
months after admission. Epiphysis now at right angles to long axis of shaft. Dark line running 
through long axis of radial shaft is the dorsum of the old shaft. Note evidence of return of normal 
volar bowing. F, One year after admission. Note almost normal appearance as compared 
with G, the opposite radius. 


Fig. 62.—Anteroposterior view of Figure 61. A, Position on admission. Note lateral dis- 
placement of epiphysis. B, Four months later; note callus forming between displaced epiphysis 
and shaft. C, Eight months later; note normal relationship of epiphysis to shaft. 
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lateral displacements are also uncommon (Fig. 65). In most cases there is 
a fracture of the posterior edge of the diaphysis. There is usually a frac- 
ture either of the styloid or shaft of the ulna and frequently there is a 
fracture of the ulnar epiphysis with dorsal displacement. 

Falls causing forced radial deviation of the hand may force the scaphoid 
against the radius causing vertical fractures (Types II and IIT), through 
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Fig. 63.—A, Type I fracture in patient fifteen years of age. Left wrist on admission six 
weeks after injury. No attempt made at reduction. B, z-Rays taken eight months later show- 
ing correction of displaced epiphysis. C, Normal opposite wrist for comparison. (Journal of 


Bone and Joint Surgery.) 


the bony epiphysis. The Type II fractures constitute less than 1 per cent 
of all fractures of this epiphysis while the Type III fractures constitute 
about 2 per cent. Considering the frequency of fractures of this epiphysis 
then, crushing injuries with resultant deformity are relatively uncommon 


(Figs. 66, 67, 68) . 
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Type I fractures show the same clinical signs as a Colles’ fracture but 
to a lesser degree. There is the typical deformity with swelling, pain and 
localized tenderness. Slight displacements do not show deformity. Types 
II and III fractures show no deformity but do have pain and tenderness. 
They are frequently diagnosed as sprains and, unless w-rays are taken, are 
apt to be missed. All injuries about the wrist in childhood should, there- 
fore, be x-rayed. “8 

Fractures of this epiphysis are frequently difficult to reduce largely 
because the distal fragment is small and it is not easy to make direct pres- 
sure upon it. 

Fractures three or four days old are particularly difficult to reduce and 
those a week or ten days old cannot be reduced manually. Attempts 
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Fig. 64.—Type I fracture with anterior displacement of epiphysis. 


should be made im all cases to get anatomical reposition. Frequently two 
attempts are necessary. If fresh cases cannot be reduced after two at- 
tempts, or if cases are a week or more old when first seen, they should be 
left alone. Nature corrects these displacements within a few months even 
if the displacements should amount to the full thickness of the shaft 
(Fig. 61). Open reduction should not be done, excepting possibly in 
those cases which are rotated so far posteriorly that the cartilaginous 
surface of the epiphysis rests upon the dorsum of the shaft. In reducing 
the epiphysis by open operation, there is a very great possibility that the 
cartilage plate may become damaged, particularly if an osteotome is used 
and if much leverage is used in prying the epiphysis back into place. A 
simple Type I fracture may thus become a Type III fracture and deformity 
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result. As Nature corrects displacement within a few months, these cases 
are far better left alone despite position. 

Type It and Type HI fractures seldom require manipulation as dis- 
placement in these types is usually very slight. 


A 
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Fig. 65.—A, C. B., aged thirteen. Bilateral displacement. Position on discharge: Left— 
after one manipulation; right—after two manipulations and osteotomy (through epiphyseal line) 
All attempts to hold position failed. The cock-up splint was applied only temporarily. Note 
marked displacement of epiphysis, also marked amount of callus on dorsum of radius, extending 
up to the epiphysis. B, x-Rays taken four years later. Note absence of any deformity. There 
was apparently no disturbance of growth on the right, although an osteotomy was performed 
directly through the growing cartilage. (Journal of Bone and Joint Surgery.) 


All fractures of the epiphysis should be immobilized for a period of 
three to four weeks. Due to the tendency of these fractures to slip after 
reduction, those cases showing displacement should be placed in volar 
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flexion with ulnar deviation of the hand (bell-hop position) preferably in 
plaster, either circular or in the form of anterior and posterior plaster 
splints. This position should be maintained for ten days and then put up 
in neutral position for two weeks. At the end of four weeks the child 
should be allowed to use the hand. As use hastens the restoration of 
position and of the normal volar curve, cases which have been immobilized 
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Fig. 66.—A, Type III fracture in patient nine years of age. Anteroposterior view shows 
fracture through bony epiphysis. Lateral view shows fracture of diaphysis. B, z-Rays taken 
four years later. Ossification is nearly complete in the radius while the ulnar epiphysis has not 


yet begun to ossify. Note relative position of radial and ulnar styloids. (Journal of Bone and 
Joint Surgery.) 


in poor position should be encouraged to use the wrist. w-Rays taken 
every two months in these cases will show a rapid return to normal. Clin- 
ically the wrist will appear normal long before the a-rays show a complete 
return to the normal position. 

Premature ossification and retardation of growth are seen in a high 
percentage of Type I fractures. However, this is usually seen only on 
the roentgenogram and is rarely of clinical importance. Lengthening may 
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sometimes be seen but this too is of academic interest only and rarely of 
any clinical importance. 





Fig. 67.—Typical deformity following Type III fracture of radius. Note that ulna is longer 
than radius and that the ulna does not bow. 





Fig. 68.—Fracture of radial epiphysis three years previously. One manipulation was done. 
Now has ? inch of shortening. Note V-shaped epiphysis. Retardation of growth is apparently 
occurring at the apex of the V, causing this portion of the epiphysis to drag behind. Clinically, 
only a slight prominence of the distal ulna is discernible. 


Deformity following Type II or Type III fractures is due to premature 
ossification of the entire epiphysis. This begins in the radial half which 
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normally fuses later than the ulnar half. In this deformity there is but 
little tilting of the articular surface. The ulna, however, grows much 
longer than the radius and its distal end becomes very prominent. This 
prolongation of the ulna beyond the radius causes radial deviation of 
the hand. Following crushing injuries, the epiphysis usually shows evi- 





A B 
Fig. 69.—A, Deformity in a boy fifteen years of age following a crushing injury of the ulnar 
epiphysis ten years previously. Note ulnar bowing of radius. Lateral half of radial epiphysis 


actively growing and causing an increase in the deformity. Epiphysis curetted to stop growth 
and later on osteotomy was performed for correction. B, Lateral view. 


dence of ossification early and deformity becomes manifest within a few 
months. It may not, however, develop for five or six years after the injury. 

The cartilage plate may be crushed in what appears to be a simple 
Type I fracture with consequent deformity. This does happen but must 
be considered as a rare occurrence. 

It must be borne in mind that clinical shortening in Type I cases and 
deformity in Type II and Type III are due to damage to the cartilage 
plate at the time of injury. This damage we cannot control and the 





THE OLECRANON EPIPHYSIS ail 


resulting deformity we cannot prevent, regardless of the steps we may take 
to prevent it. 

The operative treatment of deformity will be discussed later. 

Fractures of the Distal Ulnar Epiphysis.—This epiphysis appears about 
the sixth or seventh year and ossifies by the twentieth or twenty-first year. 
Ossification takes place at the same time as in the distal radial epiphysis. 
Although Cohn states that the age of ossification is about the twentieth 
year, we find it occurs about the sixteenth year in the female and the 
eighteenth year in the male. It is regular in its shape and lies at right 
angles to the shaft of the ulna. The growth in length of the ulna occurs 
from this epiphysis. Most fractures are of the first type. Due to the 
distance between the tip of the styloid and the pisiform, crushing injuries 
of this epiphysis are rare but they do occur (Fig. 69). As this epiphysis 
does not appear before the sixth year, a diagnosis of fracture of this 
epiphysis cannot be made in the very young. Fractures of this epiphysis 
are frequently seen associated with fractures of the lower radius and not 
uncommonly with fractures of the distal radial epiphysis. The usual dis- 





Fig. 70.—Normal olecranon epiphysis. Note numerous centers of ossification. 


placement is backward. Reduction should be made as accurately as pos- 
sible, but if not replaced after two manipulations, the displacement should 
be left uncorrected. Correction occurs within a few months. In crushing 
injuries, the epiphysis ossifies and the ulna becomes much shorter than 
the radius. This shortening causes an ulnar bowing of the radius with a 
displacement of the hand to the ulnar side. Such injuries are, however, 
rare (Fig. 69). 

The Olecranon Epiphysis.'—This epiphysis appears about the eighth 
year and ossifies by the fourteenth year. It contributes only to the growth 
of the olecranon process and does not aid in the growth of the ulnar shaft. 
Fractures of this epiphysis are very rare. The important point to remem- 
ber is that the olecranon does have an epiphysis. The presence of this 
epiphysis has frequently been diagnosed erroneously as a fracture of the 
olecranon. A fine layer of cortical bone can always be seen on either side 
of an epiphysis while no such layers can be seen at the edges of a fresh 
fracture. The presence of this epiphysis should make one cautious in 


1See illustrations of olecranon epiphyses. 
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making a diagnosis of fracture of the olecranon in childhood. Furthermore, 
the olecranon may show two or three centers of ossification and on the 
lateral view these centers may at first glance appear to be fractures through 
the olecranon epiphysis. However, the thin layer of dense bone on either 
side of the ossification centers will usually prove what appears as a fracture 
to be merely an extra center of ossification. 

In the rare fracture of the olecranon epiphysis, displacement is slight. 
There is some loss of motion on active flexion or hyperextension. The 
triceps tendon insertion is evidently not seriously disturbed. Fibrous 
union occurs but occasionally the fragment remains movable and appears 
at the tip of the olecranon and movable upon it. There is little, if any, 
loss of function. Such fractures should be treated for a few weeks in 
partial extension and later with some flexion (Fig. 70). 





A B Cc 
Fig. 71—A, A case of fractured proximal humeral epiphysis in a boy six years of age. 
Roentgenogram on admission. B, Position on discharge. Note incomplete reduction. The 
upper end of the shaft is flat across. C, One year later. Note complete correction of the dis- 
placement and absence of any deformity. Note change in shape of the epiphysis and upper 
shaft. A center of ossification for the greater tuberosity has also appeared. (Journal of Bone 
and Joint Surgery.) 


Fractures of the Proximal Radial Epiphysis.—This epiphysis appears 
at five to seven years and ossifies by the thirteenth or fourteenth year. 
It is regularly shaped and lies wholly within the elbow joint. The head and 
neck of the radius develop from this epiphysis but it contributes but little 
to the length of the shaft. Fractures of this epiphysis are relatively rare. 
The forces which cause fracture of the radial head in adults are less apt 
to cause fracture of the epiphysis in the young. Supracondylar fracture 
or a fracture of the capitellar epiphysis are much more common. Frac- 
tures may be of Type I or II. Type III fractures are rarely seen. Dis- 
placement is usually slight and the position can be improved by 
manipulation. Not infrequently one sees displacement with rotation to a 
marked degree. The epiphysis usually is displaced anteriorly or laterally. 
In these cases the rotation may amount to 90 degrees, so that the articular 
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surface faces outward. Such fractures can be reduced only by open opera- 
tion. However, the results of this fracture are not good. Prompt fusion 
of the epiphysis usually occurs and there is loss of motion and definite 
loss of function. In some instances nonunion develops after open reposi- 
tion. Some cases with marked displacement will regain full motion and 
function if left alone. This is especially true if the displacement is wholly 
in a lateral direction. None of these cases, however, resume the normal 
relationship to the shaft as do the other epiphyses. 

If possible reduction should be accomplished by closed manipulation. 
If this is not possible, open reduction should be performed only in those 
cases where the displaced head definitely blocks motion. 

Fractures of the Proximal Humeral Epiphysis——The major growth in 
length of the humerus is derived from this epiphysis. It appears about 
six weeks after birth. Some writers state that this epiphysis is made up 
of three centers of ossification, the main epiphysis for the head and shaft, 
and two smaller ones for each tuberosity. Cohn states that there is but 





Fig. 72.—Upper end of humerus at eight- Fig. 73.—Section of upper end of humerus 
eenth year. Epiphysis detached to show at seventeenth year. Note cancellous structure 
pyramidal end of diaphysis with its upward and shape of diaphyseal end (after Poland). 
projecting apex (after Poland). 


one definite epiphysis and that the tuberosities develop as downward 
overgrowths from the head. In Fig. 71 the humeral epiphysis, at six years, 
is made up of but one center of ossification. One year later, however, a 
definite epiphysis has appeared for the greater tuberosity. It thus appears 
that the greater tuberosity may develop as a downward overgrowth as 
described by Cohn, but it may also develop from a separate epiphysis. 
In the latter case the upper humeral epiphysis assumes the shape of the 
letter Y. In infancy the upper end of the shaft is flat across. About the 
third year, however, the shaft assumes a conical shape which becomes 
more distinct as age advances (Figs. 72, 73). Ossification occurs between 
the nineteenth and twentieth years. The portion of the plate subjacent to 
the greater tuberosity ossifies last. 

Fracture of this epiphysis may occur at any age but is rarely seen be- 
fore the sixth year. It is seen most commonly between the eleventh and 
fifteenth years but may occur as late as the eighteenth year. Most frac- 
tures are due to a torsion force produced by indirect violence such as a 
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fall upon the elbow or outstretched hand. Fractures due to direct violence, 
such as a fall or a blow upon the shoulder, are uncommon. In the younger 
patients while the epiphysis is flat across, the epiphysis is displaced without 
fracture of the shaft. When the epiphysis has assumed a more conical 
shape, chip fractures of the shaft are usually seen. 

Due to the great range of motion allowed at the shoulder joint, crushing 
fractures (Types II and III) are never seen. Most of. these fractures 
result from torsion forces so that fractures of this epiphysis are always 
of the first type. However, in rare instances, in falls upon the hand the 
shaft may be impacted into the epiphysis after a Type I fracture has been 
produced. In these cases the epiphyseal plate is necessarily crushed. 

In most instances the displacement of the epiphysis is incomplete al- 
though complete displacement is not uncommon. Displacement may occur 
either medially or laterally. In either case the epiphysis, since it carries 
the tuberosities, tends to rotate externally. In medial displacements, how- 





Fig. 74. Fig. 75. Fig. 76. 


Fig. 74.—Displacement of epiphysis medially. Note callus forming between displaced head 
and medial aspect of shaft. 


Fig. 75.—Medial displacement of proximal humeral epiphysis. 
Fig. 76.—Medial displacement of proximal humeral epiphysis. Note epiphysis of acromion. 


ever, the fractured surface of the epiphysis faces in an abducted position 
(Figs. 74, 75, 76). In lateral displacements this surface faces in an ad- 
ducted position (Fig. 77). The head of the bone remains in the glenoid 
cavity but the articulating surface faces downward and inward in medial 
and downward and outward in lateral displacements. Due to the pull of 
the biceps and coracobrachialis the shaft is pulled upward, forward and 
inward. A great deal of stripping of the periosteum occurs but the joint 
cavity is not necessarily opened as the capsule is firmly attached to the 
epiphysis. The periosteum in childhood is particularly tough and once 
displacement has occurred, this periosteum tends to hold the fragments 
together in the position of displacement rendering reduction difficult. 
Diagnosis —The presence of swelling, tenderness, pain and inability to 
use the arm following an injury in childhood in this region should make 
one suspect fracture of this epiphysis. Clinically, the signs are similar to 
those of fracture of the surgical neck in the adult. The proximal end of 
the shaft may be felt forward. In extreme cases the axillary fold may be 
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distorted (Fig. 69). The long axis of the arm is altered. There may be 
some shortening but inasmuch as measurement of the humerus is dif- 
ficult this finding can hardly be relied upon. In cases of lateral displace- 
ment the head may be easily felt. In medial displacement the head is 
not so easily palpated. All injuries in this region should be x-rayed as 
slight displacement may occur with but few signs or symptoms. 

Treatment.—As previously stated, reduction of this fracture is not al- 
ways easy. The intact periosteum on the side of the shaft toward which 
the epiphysis has been displaced tends to hold the fragments in the 
position of displacement. The capsule of the joint may also become an 
obstacle, as may the long head of the biceps should it be caught between 
the fragments. 

Cases which show slight displacement should be left alone. The arm 
should be immobilized at the side with adhesive and the forearm and 
hand held in a sling. 

When there is moderate or severe displacement, manipulation should 
be used. As the epiphysis itself cannot be grasped, the shaft has to be 
manipulated and placed upon the epiphysis. In medial displacements the 





Fig. 77.—Lateral displacement of proximal humeral epiphysis. 


fractured surface of the epiphysis faces outward in abduction so that the 
arm must be abducted to the same degree and traction applied by an 
assistant. While traction is being applied the arm should also be externally 
rotated, the degree depending upon the amount of rotation of the epiph- 
ysis. The surgeon then pushes the shaft backward and outward attempt- 
ing to get the shaft up under the epiphysis. The method described by 
Cotton is valuable. Traction and external rotation are applied by the 
assistant. The operator then facing the patient places his hand upon the 
patient’s scapula with his wrist in the axilla. Backward and outward 
pressure is exerted upon the shaft by the dorsum of the surgeon’s forearm. 
Great leverage may be obtained in this way. 

In lateral displacements the epiphysis faces medially in adduction. The 
arm thus has to be adducted and externally rotated, while traction is 
applied. 

If manipulation has been successful, the arm should be placed in ab- 
duction in cases showing medial displacement. Either a plaster of Paris 
splint or an abduction splint may be used. Immobilization should be 
carried out for two to three weeks and then the arm should be placed at 
the side and carried in a double sling for a period of two more weeks. 
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In cases of lateral displacement, the position can be held with the arm 
immobilized at the side. Immobilization should be carried out for a period 
of four weeks. 

If manipulation fails, the arm may be placed in a Thomas splint and 
traction applied to the forearm. The splint should be placed in abduction 
in medial displacements and by the side in lateral displacements. 

By these procedures the epiphysis will usually be replaced. If, following 
these procedures, the epiphysis is still displaced, it should be left alone. 
Anatomical reduction is not essential. If the epiphysis is in contact with 
the shaft, even though the position is poor, nature will correct the displace- 
ment. The intact periosteum on the side of the displacement will lay 
down bone until the shaft is built out to the epiphysis (Fig. 78). The 
opposite side of the shaft will absorb and a good result will be obtained 





A B C 
Fig. 78.—A, Fractured proximal humeral epiphysis in a boy eighteen years of age. Roent- 
genogram on admission. Note medial displacement. B, Position four weeks later on discharge 
from the hospital. Note incomplete reduction and formation of callus by periosteum between 
the shaft and the displaced head. C, Three years later. Note correction of the displacement. 
Shortening amounted to } inch. (Journal of Bone and Joint Surgery.) 


despite the poor position. This reconstruction occurs at any age regardless 
of the proximity to the time of normal ossification. 

Operation is justifiable only in those cases which, after repeated manip- 
ulation or traction, show no contact between the epiphysis and the shaft. 
Great care must be taken not to injure the cartilage plate and under no 
circumstances should internal fixation be used, particularly fixation which 
transfixes the cartilage plate. Any open operation may result in damage to 
the plate, particularly in old cases where callus is present requiring the 
use of an osteotome. 

Premature Ossification, Retardation of Growth and Shortening.—Pre- 
mature ossification and retardation of growth with resulting shortening 
are frequently seen following this fracture but rarely are they of any 
clinical importance. Although all fractures are of Type I, the conical shape 
of the epiphysis tends to prevent clean breaks through the layer of new- 
formed bone; the cartilage plate although not crushed may be injured 
nearer its vital center than in those epiphyses which are more regularly 
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shaped. Furthermore, great force is required to fracture this epiphysis 
because of its size and shape. Damage to the plate is thus more apt to 
occur in this epiphysis than in those which are smaller and more regularly 
shaped. This damage, manifested by shortening, is more clearly seen in 
this epiphysis because it is so active in growth. This shortening is due to 
a slowing up in growth of the epiphysis as a whole. Bowing due to retarda- 
tion of growth on one side of the epiphysis must be very rare. Shortening 
may amount to as much as 1/4 inches and still not be noticed by the 
patient. This is due to the fact that in the arm there is no concomitant 
bone to accentuate the shortening or to cause deformity, and also to the 
fact that the arm is nonweight-bearing. Accurate reposition is no safe- 
guard against shortening, nor is poor position any criterion that it will 
occur. The greatest amount of shortening which the author has seen 
occurred in a case with very slight displacement requiring no manipulation. 
On the other hand, a case left in poor position may show little or no loss 
in length. As previously stated, shortening is due to damage to the 
cartilage plate at the time of injury and is not due to malposition. 
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Fig. 79.—A, Separate center of ossification for internal malleolus. B, Tracings of these x-rays. 





Distal Tibial Epiphysis.—This epiphysis appears at about the fifth 
month (Cohn). It lies at right angles to the long axis of the shaft. It 
is slightly irregular in the anteroposterior view and slightly convex in 
the lateral view. Although this epiphysis is not as actively growing as 
the proximal epiphysis, it does contribute considerably to the length of 
the leg. The internal malleolus develops as a downward growth from the 
epiphysis and appears at about eight and one-half years. Rarely the 
internal malleolus develops from a separate center of ossification (Fig. 
79). It is probable that this center is not so rare as we believe; many 
probably are diagnosed as fractures of the internal malleolus. Ossification 
of the distal epiphysis occurs by the eighteenth year (Cohn). 

The great majority of fractures are of the first type. However, the 
shape of the angle joint renders this epiphysis more susceptible to crushing 
injuries than any other epiphysis. The ankle is a true mortise joint; free 
dorsiflexion and plantar flexion are allowed but lateral motion is distinctly 
limited. Due to the fact that children have a tendency to toe in, falls 
upon the foot are apt to cause forced inversion at the ankle joint. The 
astragalus is thus wrenched in the mortise and forced up against the in- 
ternal malleolus, causing a fracture of this structure. Either Type II or 
Type III fractures may result (Fig. 60). Crushing injuries are thus rela- 
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tively common in this epiphysis. Type I fractures constitute about 75 

per cent of all fractures, Type IT, 15 per cent, and Type III, 10 per cent. 
Displacement.—Fractures may occur at any age. The most common 

age incidence is from eleven to fifteen years. In the Type I fractures, dis- 





A B 
Fig. 80.—A, Roentgenograms on admission showing Type I fracture with lateral displace- 
ment in a patient fifteen years of age. Reduction incomplete. B, Same patient two years 
later. Note absence of deformity. There is, however, some thickening as compared with the 
opposite side. (Journal of Bone and Joint Surgery.) 


placement may occur in any direction, forward, backward, medially or 
laterally. In most instances, the mechanism involved is the same as that 
which produces a Pott’s fracture in the adult. Lateral displacement is 
therefore the most common. There is usually a chip fracture of the 





Fig. 81.—Type I fracture with medial displacement. 


lateral side of the diaphysis (Figs. 80, 81). There is frequently a fracture 
of the shaft of the fibula. Separations of the distal fibular epiphysis are 
not usually associated with this fracture. Displacement may be marked 
but is never so marked as in the other epiphysis. This is due to the fact 
that the fibula extends farther distally than does the tibia and although 
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the fibula may fracture it tends to prevent the extreme displacement that 
we see, for example, in the radius. 

Most Type II and Type III fractures occur on the medial side (Figs. 
82, 83). Such fractures of the lateral portion of the epiphysis do occur 





Fig. 82. Fig. 83. 


Fig. 82.—Type II fracture, distal tibial epiphysis. 
Fig. 83.—Type II fracture, comminuted. Comminuted fractures such as this are prone to 


develop deformity. 


but are rare (Fig. 84). In either type there is usually little, if any, dis- 
placement. When it occurs it is usually medial and upward (Figs. 85, 86). 





A B 
Fig. 84.—A, Showing Type I fracture with lateral displacement and a comminuted Type Til 
fracture through lateral portion of epiphysis. B, After reduction. A slight valgus deformity 
developed but ossification occurred before deformity became severe. 


Generally speaking, eversion forces cause Type I fractures with lateral 
displacement while inversion forces tend to cause Type II and Type II 
fractures on the medial aspect of the epiphysis. 

Reduction.—All fractures with displacement should be corrected as 
accurately as possible. If, however, after two attempts, there is displace- 
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ment, this position should be accepted. It is corrected as it is in other 
epiphyses. Displacement in the Type II and Type III cases will also be 
corrected but eventual deformity will occur in all Type III cases and in 
those of Type II in which the plate has been crushed. 





A B 
Fig. 85.—A, Type III fracture. This was not reduced. B, Same patient shown in Fig. 
85, A, three years later. Note correction of displacement and absence of deformity, but evi- 
dence of retardation of growth at fracture site. (Journal of Bone and Joint Surgery.) 


Type I cases with lateral displacement are reduced as is a Pott’s frac- 
ture in an adult. When reduced the epiphysis does not tend to displace. 
Immobilization in a neutral position, 2. e., foot at right angles without 





Fig. 86.—Type III fracture with marked displacement. Such displacement in this type 


of fracture is rare and is due to extremely violent trauma. Deformity in such a case is in- 
evitable. 


inversion, in plaster is preferable. The splint should be left on for about 
six weeks, but weight-bearing should not be allowed for eight weeks. Frac- 
tures of Type II and Type II should also be immobilized in plaster for 
six to eight weeks. It is questionable whether restraint from active weight- 
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bearing for a longer period of time is of any value in those cases which have 
been crushed. Deformity will occur despite splinting or any other attempt 


made to prevent it. 





Fig. 87.—Patient had Type III fracture. Roentgenogram shows ossification of medial 
third of the epiphysis and developing varus deformity nine months after injury. (Case of Dr. 
F. J. Cotton.) (Journal of Bone and Joint Surgery.) 
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Roentgenogram after osteotomy for varus deformity. 
B, Roentgenogram taken five year 


Fig. 88.—A, Type III fracture. 
Note evidence of old fracture lateral to internal malleolus. 
ater showing excellent result. (Journal of Bone and Joint Surgery.) 


Premature Ossification, Retardation of Growth, Shortening —These 
phenomena are frequent sequelae following Type I injuries but are rarely 
of clinical significance. Ossification may occur from three to six months 
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earlier in the injured epiphysis but the resulting shortening is negligible. 
The same is true of shortening due to retardation of growth. 

Premature ossification with shortening always occurs in the Type III 
case and in the Type II fractures which have involved the cartilage. In 
the older patient the entire epiphysis may fuse before deformity can 
occur. In the young patient, however, prompt ossification occurs within 
a year at the site of the injury. The lateral portion of the epiphysis and 
the fibula continue to grow and the typical varus deformity develops 
(Figs. 87, 88). In such fractures, the younger the patient, the worse the 
prognosis. 

Operative Correction of Deformity—The simplest form of correction is 
a cuneiform osteotomy from the outside. This, of course, necessitates a 
resection of a portion of the fibula (Fig. 89, A, B). In order to gain some 
length a linear osteotomy may be performed on the inside at a short dis- 
tance above the internal malleolus. The lower leg and ankle are then 
manipulated forcibly into a neutral position (Fig. 89, C, D). The result- 
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Fig. 89.—Types of osteotomy for correction of varus deformity. A, Cuneiform osteotomy 
from lateral aspect of leg. A section of the fibula is removed not only to gain access to the 
tibia but to shorten the longer fibula. B, Result of such an operation. C, Linear osteotomy 
from medial aspect with osteotomy of fibula. The foot and ankle are brought into normal 
alignment. This causes the osteotomized surfaces to separate. D, This space is filled with 
bone chips from the upper tibia or from the resected fibula. This operation has the advantage 
of procuring some increase in length of the tibia. 





ing gap in the shaft can then be filled either with a piece of fibula or 
osteoperiosteal grafts from the upper tibial cortex. The time for per- 
forming operative correction is a problem. If the patient is thirteen years 
or older, it is probably best to wait until ossification is complete before 
correcting. In younger patients, however, structural changes may occur 
in the bones of the foot due to walking in inversion. This may cause con- 
siderable difficulty if a corrective osteotomy is postponed until the cartilage 
plate has ossified. In these patients when the deformity has become 
marked, an osteotomy should be done. A secondary correction may then 
be done after ossification is complete if the deformity recurs. 

Fractures of the Proximal Tibial Epiphysis.—This epiphysis is the 
second largest in the body; it is flat and regularly shaped. Cohn states 
that “the tubercle and upper epiphysis of the tibia ossify from a single 
center, and unite with the diaphysis from the twenty-first to the twenty- 
second year. The tubercle at first is cartilaginous, and ossification ex- 
tends downward from the epiphysis as a long tongue-shaped projection.” 
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The ossification center is present at birth. It is from this epiphysis that 
the greater portion of the growth in length of the tibia occurs. 

Fractures of this epiphysis are very rare. Torsion injuries may cause 
Type I fractures. In these cases there may be great displacement. Rarely 
one sees vertical (or Type II or Type III) fractures produced by the 
same mechanism as is seen in fender or bumper fractures in adults (Fig. 
90). In these cases the force is received on the lateral aspect of the upper 
leg or knee. The knee is forced into valgus and the lateral femoral condyle 
is forced downward against the lateral condyle of the tibia. A depressed 
fracture of the condyle of the tibia is thus produced. Such injuries in 
childhood are prone to cause crushing of the epiphysis with resulting 
deformity. 

In the Type I fractures, displacement may occur in any direction. 
Reduction can usually be attained by manipulation. After reduction, 
immobilization should be in plaster for six to eight weeks. In these cases 
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Fig. 90.—A, Type IJ fracture, upper tibial epiphysis. (Fender fracture.) B, Same case one 
year later. 


which cannot be reduced manually, traction in a Thomas splint may be 
resorted to, using either skin or skeletal traction. 

Type I fractures are very apt to show retardation of growth and pre- 
mature ossification. The resulting shortening in many cases may be 
considerable and cause a definite limp. Type II and Type III fractures 
frequently cause ossification at the site of fracture; the medial portion of 
the epiphysis continues to grow resulting in a marked knock knee, which 
requires osteotomy for correction. 

Fractures of the Distal Femoral Epiphysis.—The distal femoral epiph- 
ysis is the largest of the epiphyses. The ossification center is present at 
birth. Complete ossification usually occurs by the nineteenth year 
(Cohn). Growth is more active at this epiphysis than at any other as 
the greater portion of the length of the femoral shaft is derived from this 
center. Although the epiphysis is nearly flat, it is somewhat irregular and 
slightly convex in both the anterior and posterior views. The epiphysis 
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lies at right angles to the long axis of the shaft and includes the whole of 
the articular surface of the lower end of the femur. The points of origin 
of the gastrocnemius muscle are situated upon the epiphysis; a few fibers 
only arise from the diaphysis. The inner condylar line of the femur is con- 
tinuous with the inner lip of the linea aspera, and terminates at the 
adductor tubercle, which can be palpated upon the inner side of the thigh 
near the knee joint. The upper and outer angle of the trochlear surface 
of the femur can be palpated best with the knee flexed. A line drawn 
from this angle of the trochlea to the adductor tubercle marks the level 
of the lower epiphysis of the femur. ; 

The knee joint is one of the superficial joints of the body. In no 
position are the bones in more than partial contact. Unlike the elbow 
and hip joints, it does not depend upon the contour of the bones for 
strength. The strength of the joint lies in the ligaments and fasciae about 





Fig. 91.—Posterior displacement of distal femoral epiphysis in child six years of age. Note callus 
forming along posterior surface of femoral shaft. 


it. Any trauma which tends to force the knee beyond its normal limits 
of motion brings strain to bear upon the ligaments that are attached to 
the lower femoral epiphysis. If this strain is of sufficient force, the epi- 
physeal cartilage gives way, and the epiphysis separates from the shaft of 
the femur. 

Fractures of this epiphysis are less commonly seen now than formerly. 
When wagons were more in use, boys hanging on the rear frequently caught 
their legs in the spokes of the rear wheel. Forced hyperextension was thus 
produced causing anterior displacement of the epiphysis. The shaft forced 
into the popliteal space frequently severed or injured the popliteal artery 
and often these wounds were compound. The damage to the artery in 
simple fractures and the frequent occurrence of gas bacillus infection in 
compound fractures resulted in amputation in a high percentage of the 
cases. Fortunately, we seldom see this picture today. 
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Displacement.—The most common displacement is anterior due to 
forced hyperextension. Fractures of this epiphysis may also be caused 
by forced abduction of the leg on the knee, associated usually with some 
rotation. This causes a lateral displacement of the epiphysis which usually 
carries with it a rather large fragment of the lateral condyle. Anterior dis- 
placements are less apt to be associated with fractures of the anterior diaph- 
ysis. Posterior displacements of the epiphysis are rare (Fig. 91). Dis- 
placement can thus occur in any direction, the most common displacements 
being anterior or lateral or a combination of both (Figs. 92, 93). All 
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Fig. 92.—Anterior displacement of distal femoral epiphysis. 


fractures are of Type I. Crushing injuries with vertical fractures are very 
rare. 

Fractures may occur at any age. The most common age incidence is 
between eleven and fifteen years but fractures under ten years are not 
uncommon. 

Diagnosis —Fracture of the epiphysis must always be suspected in any 
severe injury to the knee. The knee is usually markedly swollen. This 
swelling may be great enough to prevent palpation of the fragments. 
There may be obvious deformity and if there is much displacement 
shortening may be found. In lateral displacements, the leg may be 
abducted at the knee. In anterior displacements the femoral condyles 
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may be felt anterior to the shaft. In these cases seen early the femoral 
shaft may be felt in the popliteal space. In all such injuries early x-rays 
are imperative. 

Complications—As previously mentioned, compression or rupture of 
the popliteal vessels may occur. This compression is due to pressure of 
the shaft in anterior displacements or pressure of the epiphysis in poste- 
rior displacements. Pressure upon the vessels may be due to a hematoma 
under the popliteal fascia in cases which show slight displacement. In the 
latter case prompt fasciotomy must be performed. If obliteration of the 
popliteal vessels is due to actual pressure by the fragments, reduction will 
restore the circulation. Compression of the popliteal vessels whether due 
to pressure of fragments or hematoma causes a disappearance of the pul- 
sations of the posterior tibial and dorsalis pedic arteries and also produces 
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Fig. 93.—A, Anterolateral displacement of distal femoral epiphysis. B, Lateral view. 


marked coldness and cyanosis of the leg and foot. Actual rupture of the 
popliteal cyanosis of the leg and foot. Actual rupture of the popliteal 
vessels is rare and calls for immediate operation. In lateral displacements 
there is no danger of compression of the vessels. 

Treatment.—The treatment of compound injuries of the epiphysis is 
the same treatment of compound fractures elsewhere. In handling the 
fragments great care must be exercised so as not to damage the cartilage 
plate further. 

Anterior Displacements —If the displacement is incomplete reduction 
can be accomplished by traction on the leg. While this traction is being 
maintained by an assistant, the knee is partially flexed, and the surgeon 
exerts upward pressure upon the shaft with one hand and downward 
pressure upon the epiphysis with the other. : 

If the displacement is complete, traction is applied by an assistant. 
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The surgeon then places his forearm in the popliteal space and the knee 
is gradually flexed to a right angle. The surgeon then exerts downward 
pressure on the calf of the leg to pull the epiphysis down. Direct backward 
pressure may also be exerted on the epiphysis by an assistant. After re- 
duction, the knee is flexed to almost full flexion and held in this position 
either by adhesive strapping or by an anterior plaster shell. This position 
uses the tightened quadriceps as a splint. This position should be main- 
tained for two and one-half to three weeks; then the knee should be 
straightened as much as possible (45-degree flexion) and immobilized for 
an additional two and one-half to three weeks. After immobilization by 
this method there is usually some loss of extension, but this can be rapidly 
repaired by physiotherapy and exercises. 

Posterior Displacements——These can be reduced by straight traction 
by an assistant with the surgeon exerting backward pressure on the shaft 
and forward pressure on the epiphysis. Immobilization should be in 
extension. ) 
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Fig. 94.—A, Anterolateral displacement, showing best position obtained. B, Three months 
later showing callus filling space between epiphysis and lateral portion of shaft. Note old shaft 
cortex. CC, Four years later. Note correction of displacement. 


Lateral Displacements—Reduction of lateral displacement can be 
accomplished by traction and forced adduction of the leg. As an assistant 
applies traction the surgeon may place his fist against the medial aspect 
of the knee and pull the leg into adduction with the other hand. Im- 
mobilization should be in plaster with the knee in bowleg. Cases which 
cannot be reduced manually may be pulled down by traction in a Thomas 
splint. 

Reduction in all cases should be as accurate as possible. Two attempts 
may be necessary. If after two attempts there is still displacement, this 
position should be accepted. If the fractured surface of the epiphysis is 
in contact with the fractured surface of the shaft, Nature will correct the 
displacement (Fig. 94). Anatomical reduction is not necessary and open 
reduction should not be done where there is any apposition of the frag- 
ments. Only in the rare case of anterior displacement, in which the 
fragment is rotated forward so that the fractured surface of the epiphysis 
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lies upon the anterior surface of the shaft, are we justified in open reduc- 


tion (Fig. 95). Nature will not correct such extensive rotation and open 
reduction must be done. 


Lower femoral epiphysis. 
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Fig. 95.—Separation of lower epiphysis of the femur with displacement forward and upward 
between femoral diaphysis and patella (Warren Museum, 8116-1, Cotton). 


Growth Disturbance —Due to the size of this epiphysis and its strong 
ligamentous reinforcements, only tremendous forces are capable of frac- 
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Fig. 96.—A, Posteromedial displacement of distal femoral epiphysis. (This is a rare type 


of displacement.) B, Reduction perfect. Shortening eventually amounted to nearly 3 inches. 
(Case of Dr. John O'Meara, Worcester, Massachusetts.) 


turing the distal femoral epiphysis. When such a fracture has been pro- 
duced, there is a great possibility that there has been damage to the 
cartilage plate, although the fractures are of Type I and the causative: 
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forces are twisting rather than crushing. Consequently, premature ossifica- 
tion and retardation of growth are seen more frequently here than in any 
other epiphysis. About 25 per cent of all cases will show shortening 
clinically. The original amount of displacement and the amount of dis- 
placement after reduction are no indications of the amount of eventual 
shortening. The author has seen 3-inch shortening in a case which was 
accurately reduced (Fig. 96) and 1l-inch shortening in a case which 
showed displacement so slight as to require no manipulation. On the 
other hand, no shortening has followed cases with rather marked post- 
reduction displacement. As previously stated, premature ossification and 
retardation of growth are due to damage to the cartilage plate at the time 
of injury and are not due to the amount of original displacement or to the 
failure to obtain accurate reduction. Shortening following such injuries can 
in no way be prevented. 

Rarely one sees lengthening following a fracture of this epiphysis. Why 
this phenomenon occurs in some cases while others show shortening is not 
known. 

Fractures of the Proximal Femoral Epiphysis.—This condition which is 
commonly known as “slipped femoral epiphysis,” “epiphysiolysis,” “ado- 
lescent coxa vara” is actually a fracture of the proximal femoral epiphysis. 
The term “slipped epiphysis” is a misnomer as it is the shaft which is dis- 
placed by the pull of the psoas muscle. The head and epiphysis remain in 
the acetabulum. 

Fracture of this epiphysis is seen only during adolescence. The major- 
ity of the cases are seen between the ages of twelve and sixteen years. 
About 15 per cent of the cases are bilateral but one epiphysis usually 
fractures before the other. Rarely does fracture occur in both femoral 
epiphyses simultaneously. 

Fractures of the proximal femoral epiphysis present an entirely dif- 
ferent problem from that seen in the other epiphyses. Only a small per- 
centage of the cases are actually due to an acute trauma. Most cases give 
a history of an insidious onset in which trauma may play little or no part. 
There are usually repeated attacks of pain in the hip with lameness which 
may go on for a year and a half before the epiphysis finally fractures. 
There is, therefore, some underlying pathology peculiar to this epiphysis 
alone which causes pain and disability long before fracture actually occurs. 
When such a fracture does occur the trauma is usually trivial and hardly 
sufficient to fracture a normal epiphysis. Endocrine disturbances are said 
by some to be the cause as many cases occur in fat, overweight boys of the 
Frohlich type. Many more cases, however, occur in children who show 
no evidence of endocrine disturbance. What the etiology and pathology 
are we do not know. 

Various anatomical alterations peculiar to the proximal femoral epiph- 
ysis have been given as the underlying factors in the production of the 
gradual slipping of this epiphysis. Some authors claim that the perios- 
teum of the neck of the femur maintains the epiphysis in place. In child- 
hood this is very thick and strong but during adolescence this periosteum 
atrophies causing a weakness at the epiphyseal line, thus predisposing to 


slipping. 
A second alteration is that occurring in the relationship of the head 
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of the femur to the neck. In childhood the epiphyseal plate lies in a 
horizontal plane. During adolescence this plane approaches an oblique 
angle. Because growth occurs more rapidly in adolescence, it has been 
assumed that there is an increased vascularity and subsequent softening 
about the plate. This softening and the obliquity of the plate are thus 
said to predispose to fracture. 

Badgley quoting Walmsley gives a third factor. He states that “ex- 
tension of the hip beyond 15 degrees is not only prevented by the capsule 
and its reinforcements, but the head is securely locked in the acetabulum 
in this position and cannot possibly go farther in extension. It is obvious 
that a force continuing extension beyond 15 degrees in an adolescent will 
necessarily produce motion beyond that point at the expense of the epiph- 
yseal attachment.” 

All writers describe a widening of the epiphyseal line which has been 
considered as pathognomonic of an early slipping epiphysis. This widening 
has been said by some to be due to an increase in the vascularity of the 
epiphysis, by others to an actual increase in size of the cartilage plate and 
by some to an osteochondritis of the epiphysis. Mulch, however, states 
that this is not a true widening of the line but an apparent one. He states 
that there occurs a gradual but progressive anteversion of the neck. This 
facing forward of the neck created the appearance of a widening of the 
epiphyseal plate. When this anteversion has progressed to a point where 
weight-bearing cannot be maintained then fracture occurs. This theory 
explains the early symptoms of hip pathology and the tendency for these 
patients to limp and toe outward. It also explains why fracture occurs 
after such a history. This work of Milch seems to be a logical explanation 
for the behavior of this epiphysis but more work must be done to show 
that anteversion occurs in all cases. Milch does not, however, explain why 
anteversion should occur. 

As previously stated there are a few cases in which the fracture is due 
directly to trauma with no history of earlier attacks of pain in the hip 
or knee and no history of a limp. In such cases there is acute pain, in- 
ability to use the hip and the lower extremity assumes the same position 
as seen in the adult fractured femoral neck, 7. e., there is shortening and 
external rotation. 

Those cases which show an insidious onset are divided by Sever into 
four stages: (1) The preslipping stage. (2) The stage where the epiph- 
ysis has slipped. (3) The quiescent stage. (4) The residual or end-result 
stage. 

In the preslipping stage there is a dull pain in or about the hip which 
occasionally may radiate to the knee. The pain may be so severe as to 
cause the patient to go to bed. There are frequently periods during which 
the patient is free of all symptoms, which recur, however, after excessive 
activity. With the onset of the pain there is often a noticeable limp and a 
tendency for the foot to toe outward. These recurring attacks of pain and 
disability may last for a period of a year and a half before the actual 
fracture occurs. Examination at this stage shows a loss of motion of the 
hip especially in flexion and internal rotation. On flexion of the hip the 
leg tends to abduct and rotate externally. This tendency to rotate ex- 
ternally Milch attributes to anteversion of the neck. 
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The second stage or the stage in which the epiphysis actually fractures 
is usually brought on by trauma of varying degrees of severity. The 
symptoms of this stage are the same as in the acute traumatic type. There 
is increased pain, muscle spasm, shortening and external rotation of the hip. 





A B 
Fig. 97.—A, Fractured (slipped femoral) epiphysis. B, Opposite normal hip. 


The third or quiescent stage occurs a few months after the second stage. 
There may be no symptoms but there is deformity with coxa vara, short- 
ening and external rotation. Union may be solid; other cases show fibrous 
union, and some go on to actual nonunion. Changes may occur in the 





Fig. 98.—Bilateral slipped femoral epiphyses. 


head due to aseptic necrosis and there may be considerable flattening or 


absorption of the head. 
The fourth stage is seen years later when osteochondritic changes have 


occurred in the head. 
Treatment.—In this chapter we are concerned only with the prefrac- 


ture and acute fracture stages. The treatment of the acute traumatic type 
7 
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is the same as that in the acute slipped stage. Treatment of the preslip- 
ping stage varies with the surgeon. Milch believes all cases should wear a 
nonweight-bearing brace with a pelvic girdle to maintain internal rotation. 
Others immobilize in plaster using the Whitman technic and keep the pa- 
tient in bed. As long as the epiphysis remains open there is a possibility 
that slipping will occur; it is the opinion of many, including the author, 
that early ossification of the epiphysis should be sought. Recently the 
work of Boszan has led to drilling the epiphysis in order to cause prompt 
ossification of the epiphysis with fusion to the shaft. This causes cessa- 
tion of growth but eliminates the possibility of acute fracture. The amount 
of growth lost by this procedure is negligible as the proximal femoral 
epiphysis adds but little to the length of the femur. It is also doubtful 
if much further growth occurs from this epiphysis once the preslipping 
stage has started. Wilson causes fusion of the epiphysis by inserting a 
Smith-Petersen nail. 

In the acute fracture stage, the first requisite is correction of the 
shortening and external rotation; in other words, accurate reduction. This 
should be determined by anterior and posterior and lateral views. From 
this point on treatment again varies. Immobilization in plaster is most 
commonly used. Impaction with the Cotton mallet (Sahss), drilling 
(Boszan) and nailing (Wilson) are the methods which have recently 
gained favor. 

In fractures of this epiphysis accurate reduction is essential. It must 
be borne in mind that this epiphysis is intra-articular and realignment as 
in the epiphyses of the capitellum and radial head does not occur. 

The treatment of the old slipped epiphysis is an orthopedic problem 
and does not come within the scope of this.chapter. 

Fractures of the Distal Humeral Epiphyses.—In order to clearly under- 
stand epiphyseal fractures of the distal humerus, it is essential to know 
the normal roentgenological appearance of the elbow in childhood. With- 
out this knowledge, a normally developing epiphysis may be interpreted as 
a fracture. 

The lower end of the humerus develops from four ossification centers: 
one for the capitellum, one for the internal epicondyle, one for the trochlea 
and at times one for the external epicondyle. Usually the external epi- 
condyle develops from the capitellar epiphysis but may appear as a sep- 
arate epiphysis. The epiphysis of the capitellum and trochlea not only 
contribute to the development of the distal end of the humerus but also 
to the growth of the shaft. Most of the length of the shaft, however, is 
derived from the proximal epiphysis. The epiphyses of the internal and 
external epicondyles contribute only to the growth of these processes. 

The time of appearance of these epiphyses varies a great deal. For 
the first year and a half the distal end of the humerus is entirely cartilag- 
inous. Therefore, none of the epiphyses appears and a diagnosis of frac- 
ture durmg this period is impossible. About the seventeenth month a 
center of ossification appears in the capitellum. This is the only epiphysis 
to appear before the fifth to the seventh year (Fig. 99). Consequently, 
prior to this time, with the exception of the capitellar epiphysis, a diag- 
nosis of epiphyseal fracture cannot be made. 

Between the fifth and seventh years the epiphysis of the internal epi- 
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condyle appears. Cohn states that this epiphysis is not constantly present 
before the eleventh year (Fig. 100). 

The epiphysis of the trochlea does not appear until the tenth year but 
may be present as early as the eighth year. For the first year or two 









Fig. 99.—Normal elbow at five years. Only the capitellar epiphysis appears. 


after this center appears, it may be very irregular and present a mottled 
appearance. This, however, is not pathological (Fig. 101). 





Fig. 100. Fig. 101. 
Fig. 100.—Normal elbow at seven years. The epiphyses of the internal epicondyle and 


head of the radius have appeared. 
Fig. 101.—Normal elbow at ten years. All epiphyses are now present. Note the mottled 


appearance of the trochlear epiphysis. 


The epiphysis of the external epicondyle is rarely seen but when pres- 
ent appears between the twelfth and fifteenth years. 
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All of the epiphyses increase in size and as the child grows older the 
distal end of the humerus gradually assumes the adult shape. 

Up until the twelfth year the capitellar and trochlear epiphyses remain 
separate and a definite epiphyseal line can be seen between the two. After 
this age, however, this line ossifies and the two epiphyses appear as one 
epiphysis. They do not, however, fuse with the shaft before the thirteenth 
or fifteenth year. 

The epiphysis of the internal epicondyle remains apart from the 
trochlea and fuses with the shaft at the fifteenth or seventeenth year. 

The external epicondylar epiphysis fuses with the shaft by the fifteenth 
year. 

Because of the normal variation which these epiphyses may show, it 
is well in questionable cases to obtain a2-rays of the opposite normal elbow. 
Abnormal position and shape can thus be more readily detected. 





Fig. 102.—Normal elbow at twelve years. All the epiphyses have appeared. Note epiphysis of 
external epicondyle. 


In the lateral view, the overlapping of the epiphyseal lines often causes 
an erroneous diagnosis of fracture. This is particularly true if the view 
is not a true lateral. An oblique view, furthermore, causes distortion not 
only of the size but of the position of the epiphyses. It is imperative, 
therefore, that all views be taken in exactly anteroposterior and lateral 
directions. 

The method devised by Cohn for detecting gross alterations in position 
of the epiphysis is of great value. Cohn states that a plane passed through 
the middle of the long axis of the shaft of the humerus Gin the lateral 
view) prior to the ninth year, passes behind the posterior border of the 
capitellum; after this period the plane bisecting the shaft of the humerus 
has approximately two thirds of the lower epiphysis anterior to it (Figs. 
103, 104) . 

The plane of the anterior limit of the shaft of the humerus shows at 
least one half of the capitellum anterior to it (Fig. 103). 

A plane at right angles to the base of the capitellum and bisecting it 
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intersects the plane through the middle of the long axis of the shaft at an 
angle of about 130 degrees (Fig. 105). 





Fig. 103. Fig. 104. 


Fig. 103.—Normal elbow at eight years, showing: A, Plane through middle of the long axis 
of the shaft, passes behind posterior border of capitellum. B, Plane of anterior limit of shaft 
passes through middle of capitellum. 

Fig. 104.—Fracture of capitellar epiphysis with anterior displacement at eight years, showing 
capitellar epiphysis to be completely anterior to plane of anterior limits of shaft. 


When the forearm is extended on the arm and supinated, a plane passed 
through the middle of the long axis of the humerus is intersected by a 
plane through the middle of the long axis of the ulna at an angle of ap- 
proximately 170 degrees. 





Fig. 105. 


The epiphysis of the internal condyle is in close proximity to the in- 
ternal oblique line of the shaft (Figs. 100, 101). 

Fractures of the Epiphysis of the Internal Epicondyle——The epiphysis 
of the internal epicondyle lies almost wholly outside the joint. To it are 
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attached the insertions of the powerful flexor muscles of the forearm and 
the ulnar collateral ligament of the elbow joint. Any force which exerts 
tension on these structures may cause this epiphysis to be pulled off. As 
children usually fall on the outstretched hand, this injury is very apt to 
occur especially if the forearm is abducted at the time. Such accidents 
are very common in children, consequently fracture of the epiphysis of the 





Fig. 106. Fig. 107. 
Figs. 106 and 107.—Fracture of the internal epicondylar epiphysis. 





Fig. 108.—Posterolateral dislocation of elbow. Note epiphysis lying between sigmoid cavity of 
ulna and the posterior aspect of shaft. 


internal epicondyle is the most common epiphyseal fracture seen. This 
fracture, due to indirect violence, is always of Type I. Fractures due to 
direct violence with crushing of the epiphysis are much less commonly 
seen (Figs. 106, 107). 

Displacement is usually downward and forward due to the pull of the 
attached flexor muscles. As this process is extra-articular, the joint is 
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rarely opened by fracture. This injury may occur at any age but is most 
commonly seen between the ages of ten and fifteen years. 

_ Diagnosis —The diagnosis is made upon the history either of a direct 
injury to the part or of a fall on the outstretched hand. There is local 
tenderness and swelling and localized pain on motion of the elbow or use 
of the flexors. Occasionally, if there is little swelling the epicondyle may 
be felt forward and at a lower level than in the normal elbow. 


A B 
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Fig. 109.—A, Normal elbow. Note normal width of joint space. B, Opposite elbow. Note 
epiphysis of epicondyle within joint. Note increase of joint space. C, Lateral view of normal 
elbow. D, Lateral view of opposite elbow. Epiphysis within joint with increase in width of 
joint space. 


Treatment.—This fracture usually cannot be anatomically reduced. 
Even if reduction by direct manipulation can be accomplished, the pull of 
the flexors causes redisplacement of the fragment. In the great majority 
of cases displacement of the fragment has little effect upon the function 
of the elbow as a firm fibrous union occurs. Fixation in a molded posterior 
plaster splint for ten days to three weeks in a position of acute flexion is 
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usually sufficient. Active motion can then be started with the patient 
wearing a sling with the elbow flexed at a right angle for another week. 

Complications —This epiphysis is frequently fractured in posterolateral 
dislocations of the elbow. Sometimes in the reduction of the dislocation, 
the epiphysis, which has been pulled into the joint by the ulnar collateral 
ligament, becomes locked between the trochlea and the olecranon (Figs. 
108, 109). This causes loss of motion in the joint and frequently causes 
ulnar paralysis as the nerve, with the flexor insertion, is pulled into the 
joint by the fractured epiphysis. When this occurs the epiphysis must be 
promptly removed from the joint by open operation. In any case of dis- 
location which has been reduced and in which there is either a loss of 
motion or ulnar palsy a-rays should be taken of both elbows to determine 
the position of the internal epicondyle. 





Fig. 110.—Cubitus varus deformity (gunstock) due to injury to trochlear epiphysis. 


The ulnar palsy may occur either immediately or after a few days. 
This palsy may be due to stretching of the nerve by the displaced fragment 
or to crushing of the nerve between the fracture surfaces. This complica- 
tion calls for open operation to free the nerve. 

Growth Disturbance—The epiphysis of the internal epicondyle con- 
tributes only to the growth of the process and has no effect upon the 
growth of the shaft of the humerus. Consequently, any shortening which 
may result is of no clinical importance. If the nerve is free and the muscle 
attachments secure the entire epiphysis may be removed without loss of 
function. 

Fractures of the Trochlear Epiphysis.—Fracture of the trochlear epiph- 
ysis is one of the rarest of all epiphyseal fractures. This is probably due 
to the fact that children usually fall on the outstretched hand. The force 
is transmitted by the ulna to the trochlea. However, the trochlea is 
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grasped firmly behind by the olecranon and in front by the coronoid, and 
thus protected from fracture. Supracondylar fractures are much more apt 
to result. There are no muscular or ligamentous attachments to the 
trochlea. It is thus immune to injury both from indirect and direct trauma. 
As this epiphysis does not appear before the eighth to tenth year, diag- 
nosis of fracture before this time is impossible. Fusion usually occurs by 
the fourteenth to fifteenth year. When fracture occurs, it is seldom asso- 
ciated with displacement. Deformity following such fractures is rare in- 
deed but when it occurs is in the form of a cubitus varus (Fig. 110). 

Fractures of the External Epicondylar Epiphysis.—Usually the epi- 
condyle develops from the capitellar epiphysis. Therefore, fractures of 
this epiphysis are rare because the epiphysis itself is not commonly present. 
When present it adds only to the development of the external epicondyle. 
Displacement is usually slight. Immobilization in a sling for two to three 
weeks is sufficient. At the end of this time motion may be started. 
Growth disturbance due to fracture is of no clinical importance. 





A B 
Fig. 111.—Fracture and rotation of capitellar epiphysis. A, Shows relationship of the 
extensor muscles to the epiphysis and the epicondylar ridge and of the radial collateral ligament 
to the epiphysis. Dotted line represents the fracture line. B, Shows rotary displacement caused 
by the pull of the extensor muscles and the limiting action of the radial collateral ligament. 


Fractures of the Capitellar Epiphysis—Although this lesion is more 
frequently referred to as a fracture of the lateral condyle in childhood, it 
is truly a fracture of the capitellar epiphysis, involving, as do all other 
epiphyseal fractures, a chip fracture of the shaft. Although all fractures 
are of Type I, a clinical picture is presented which is not seen in any other 
epiphysis. This peculiarly is due to the anatomical position of the epiph- 
ysis and the anatomical structures around it. 

Anatomy.—The capitellar epiphysis is almost completely intra-artic- 
ular. To its posterolateral surface is attached the strong radial collateral 
ligament of the elbow joint. This structure also arises from the epicon- 
dylic ridge proximal to the epiphysis. Also attached to its lateral surface 
is the origin of the common tendon of the extensors of the forearm. These 
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muscles also arise from the radial collateral ligament, the anterior surface 
of the lateral epicondylic ridge and the fascia over it, and from the anterior 
surface of the lateral intramuscular septum. These points of origin are all 
extra-articular. 

Mechanism of Injury—This fracture is usually due to indirect trauma 
such as a fall upon the hand. The forearm is forced into adduction with 





A B C 
Fig. 112.—A and B, Typical displacement seen in fractures of the capitellar epiphysis. There 
is not only lateral displacement but outward and backward rotation. C, Shows normal realign- 
ment after open reduction. 





Fig. 113. Fig. 114. 

Fig. 113.—Old fracture of capitellar epiphysis with nonunion. Cubitus valgus deformity 
present but patient has only a slight loss of full extension, with no symptoms. 

Fig. 114.—Old fracture of capitellar epiphysis with nonunion. Function of elbow normal 
despite cubitus valgus deformity. Patient entered hospital because of ulnar nerve symptoms 
which developed thirty-three years after original injury. (Case of Dr. H. F. McCarthy.) 


the elbow in incomplete extension. As a result of a fall in such a position, 
tremendous leverage is exerted upon the radial collateral ligament and the 
points of origin of the extensor muscles, especially the common extensor 
tendon. As the epiphysis carries both these structures, the force is trans- 
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mitted to it and that portion of the epicondylar ridge immediately proximal 
toit. A fracture of this portion of the shaft and of the epiphysis results. 
Pathology.—tThe fracture line starts in the epicondylar ridge and passes 
downward and medially to the epiphyseal plate. It then passes through 
the layer of newly formed bone between the plate and the shaft breaking 
through the articular cartilage and entering the joint (Fig. 111). Associ- 
ated with the fracture is a tearing, to a varying degree, of the points of 
origin of the extensor muscles, especially of the lateral intermuscular sep- 
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Fig. 115.—A, Fracture of capitellar epiphysis with lateral displacement (anteroposterior 
view) and slight rotation (lateral view). This position was not corrected. B, Same case three 
years later. Complete range of motion with no deformity. Note that shaft has been built 
out to the displaced epiphysis but a notch remains between the capitellar and trochlear epiphyses. 


tum and the adjacent muscular aponeurosis. There is also a stripping of 
the insertion to the epicondylar ridge. The type and degree of displace- 
ment of the epiphysis are determined by the amount of damage to these 
muscle insertions. In the extensive injuries, the insertions to the epi- 
condylic ridge, to the intermuscular septum and to the muscular apo- 
neurosis are torn off and the only points of attachment that remain are 
attached to the epiphysis and radial collateral ligament. Contracture of 
the extensor muscles thus pulls upon the fractured epiphysis and causes 
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the displacement which is peculiar to it. As the common tendon and the 
radial collateral ligament are inserted high on the posterior lateral aspect 
of the fragment, tension causes the fragment to be pulled downward and 
to rotate outward and backward (Fig. 112). The epiphyseal plate, which 
normally faces upward and medially now faces laterally, and the articular 
surface instead of facing downward is rotated upward and medially so 
that it faces the fractured surface of the shaft. Not only do we get a rota- 
tion in the horizontal plane but we get an axial rotation as well, so that the 
lateral surface rotates backward and the medial surface forward. In dis- 
placements of this type, the fractured surface of.the epiphysis is at no 
point in contact with the fractured surface of the shaft, nor has it any 
periosteal attachment to the shaft. The epiphysis thus becomes in effect 
a loose body within the joint. With such malposition within the joint the 
amazing realignment which we see in other epiphyses obviously cannot be 
expected here. Furthermore, unless the rotation is corrected, bony union 
cannot occur and a pseudoarthrosis results (Figs. 113, 114). 

When the lateral intermuscular septum and the adjacent muscular 
aponeurosis are incompletely torn, we get less extensive stripping off the 





A B 
Fig. 116.—Lateral displacement of capitellar epiphysis. 


epicondylic ridge. Rotation does not occur, but the fragment may be dis- 
placed laterally and posteriorly (Figs. 115, 116). In these cases the perios- 
teal attachment remains and if the fragment is not reduced the shaft is 
built out to the epiphysis as is seen elsewhere (Fig. 115). This lateral dis- 
placement, however, is not corrected. As a result the articular surface 
becomes broadened and the defect between the trochlea and the displaced 
capitellum remains as a distinct notch (Fig. 117). This, however, does 
not interfere with the function of the elbow. 

Diagnosis—The diagnosis is made upon the history of injury, usually 
a fall upon the hand. There is swelling and ecchymosis, especially about 
the lateral aspect of the distal humerus. There is local tenderness. There 
is no deformity as is commonly seen in supracondylar fracture or as is 
always seen in dislocations of the elbow. The only positive evidence of 
fracture is the roentgenogram. In older children the anteroposterior view 
shows the fracture without difficulty. In younger children displacement is 
not so easily seen (Fig. 118). In these cases the lines described by Cohn 
are of value. Cases of marked displacement with rotation can easily be 
seen at any age. 
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Treatment.—In cases showing little or no displacement and no rotation, 
the elbow need only be fixed in acute flexion. If there is some degree of 
lateral displacement without rotation, an attempt may be made to reduce 
the fragment by closed manipulation. If this fails, as usually happens, the 





Fig. 117. Fig. 118. 
Fig. 117.—Old fracture of capitellar epiphysis. The shaft has been built out to the epiphysis 
but a distinct notch remains between the capitellum and the trochlea. 
Fig. 118.—Fracture of the capitellar epiphysis with marked displacement in a child two 
years old. Note that entire epiphysis lies in front of the shaft. 





Fig. 119.—Fracture of capitellar epiphysis with lateral dislocation of the elbow. Roent- 
genograms taken six months after injury, which had not been recognized. Note position of 
ulna as regards the trochlear epiphysis. Arrow points to old shaft. Note how a new shaft has 
been built out to the displaced capitellar epiphysis. This patient had marked limitation of 
motion. (From the Orthopedic Department of the Lawrence Clinic, Lawrence, Massachusetts.) 


elbow should be immobilized. In these cases the periosteum remains at- 
tached and the humeral shaft is built out to the displaced epiphysis. The 
displacement, however, remains and a distinct notch between the trochlea 
and the capitellum results. Despite this broadening and irregularity of the 
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joint surface, a useful elbow with normal motion is usually obtained (Figs. 
115, 117). The capitellar epiphysis continues to grow normally. Cubitus 
valgus deformity is rare. 

When there is marked displacement with rotation, open reduction must 
be resorted to. Correction by closed manipulation may be attempted but 
usually fails. Open reduction should be performed as soon as possible. If 
done within the first few days reduction is not too difficult, but if several 
days have elapsed reduction may be very difficult. This is-due to the con- 
traction of the muscles and the formation of scar tissue in the torn muscles 
and over the fractured surfaces. The epiphysis is best exposed by a lateral 
incision. In reducing the fragment care must be taken not to injure the 
epiphyseal plate. After reduction has been accomplished, some means of 
internal fixation usually is necessary. This can be accomplished by drilling 
the humerus in an anteroposterior direction through the epicondylar ridge. 
A suture is passed through the drill hole and the epiphysis tied to the shaft 
by passing the suture through the ligamentous and muscular attachments 
of the epiphysis. If there is a large fragment of bone attached to the epiph- 
ysis, this may be fixed to the shaft by a screw or a pin. Care must be 
taken not to injure the epiphyseal plate because of the danger of premature 
ossification with resulting growth loss. Often, however, in old cases where 
reduction is difficult, the only means of maintaining reduction is by pin- 
ning the fragment to the shaft directly through the epiphysis. This causes 
growth disturbance but this is probably of a lesser degree than would be 
seen if the epiphysis were allowed to remain displaced. 

After operation the elbow is fixed at a right angle in a posterior plaster 
shell and allowed to remain three to four weeks. Then the shell is removed 
and motion is encouraged, the arm being supported in a sling for another 
two weeks. At the end of this period, active motion is allowed. As a rule 
there is some loss of full flexion and extension for a period of three to four 
months but this usually returns as do pronation and supination. 

Growth Disturbance —Growth disturbance is not rare following epiph- 
yseal fractures of the capitellum and is always seen in those cases where 
there is complete rotation of the fragment. The epiphyseal plate attached 
to the fragment continues to grow somewhat but adds only to the size of 
the fragment. Growth of the humerus on this side, however, is lost while 
the trochlea continues the normal growth of the humerus on the medial 
side. A cubitus valgus deformity thus results (Figs. 113, 114). Although 
this deformity may be very obvious, the function of the elbow is usually 
excellent. There is little or no pain, there is almost a normal range of 
motion, and there is good muscular power. Usually the only complaint 
such patients have is of the deformity. Examination shows crepitus and 
in some cases the ununited fragment can be moved. 

Delayed ulnar palsy is sometimes seen as a result of this inequality in 
growth of the distal humerus. This is due to a pressure neuritis caused by 
the stretching of the nerve over the internal epicondyle. This condition 
is easily corrected by freeing the nerve and placing it in front of the elbow 
(Fig. 114). 

Fractures of the Epiphysis of the Anterior Superior Spine of the Ilium. 
—Fractures of this epiphysis are not commonly seen. It is, however, prob- 
ably more common than we believe. It may result from direct violence 
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such as a fall, striking the spine against the ground. Usually, however, it 
is due to muscular action. It is chiefly seen in boys engaged in athletics 
and occurs while the involved leg is extended as in sprinting. As the “push 
off” is being obtained, the foot slips and rotates outward. This hyper- 
extends the muscles attached to the spine and the epiphysis is pulled off. 
The muscles involved are the gluteus medius, tensor fasciae latae and par- 
ticularly the sartorius. The former two muscles are internal rotators of 
the extended hip. The latter a flexor and adductor of the thigh and an 
internal rotator of the extended knee. Forced external rotation of the ex- 
tended thigh and knee thus causes strain on these muscles. Displacement 
is downward but is usually slight (Fig. 117). All fractures are of Type I. 
Diagnosis —The diagnosis is made upon the history of sudden pain in 
the region while running. There is localized pain and tenderness. The 
spine may be seen to be displaced downward and there may be crepitus. 





_ 4 
Fig. 120. Fig. 121. 
Fig. 120.—Fracture of epiphysis of anterior superior spine of ilium with some downward 


displacement. (Case of Dr. T. K. Richards.) = , ; ; 
Fig. 121.—Avulsion of epiphysis of anterior inferior iliac spine with separation. (Case of 


Dr. T. K. Richards.) 


Treatment.—Ordinarily all that is needed is rest for two or three weeks. 
A figure-of-8 flannel bandage may be applied about the hip to limit motion 
and the patient allowed on crutches. Healing by bony union is the rule 
even if the fragment is displaced. If extensive tearing has occurred with 
marked displacement, the fragment may have to be sutured or nailed in 
place. Following healing there is no permanent disability. As this is really 
an apophysis any growth disturbance that may occur 1s of no clinical 
importance. ; 

Fractures of the Anterior Inferior Spine of the Hium.—Fractures of 
this epiphysis are caused in the same manner as those of the superior iliac 
spine. It is seen in boys engaged in athletics such as running and kicking. 
It is due to sudden forced extension. The rectus femoris is attached to 
the inferior spine and sudden severe tension upon this muscle causes avul- 


112 EPIPHYSEAL JNJURIES 


sion of the epiphysis (Fig. 118). Treatment is the same as that for the 
superior iliac epiphysis. 

Fracture of the Epiphysis of the Tuberosity of the Ischium.—This frac- 
ture is actually an avulsion of the epiphysis due to pull of the hamstring 
muscles, although cases due to direct violence have been reported. It is a 
very rare injury. Although the hamstrings cause downward displacement, 
excessive displacement is prevented by the sacrotuberous ligament. The 
treatment recommended is rest for four to six weeks. Healing by fibrous 
union is the rule. 

Fracture of the Epiphysis of the Lesser Trochanter.—Fracture of this 
epiphysis is always due to pull of the psoas muscle. This muscle is a 
powerful flexor and external rotator of the thigh and is also a flexor of the 
trunk upon the thigh. Boys running or kicking footballs are susceptible 
to this injury (Fig. 119). Displacement is usually slight as the iliacus 
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Fig. 122.—Fracture of epiphysis of lesser trochanter with displacement. (Case of Dr. T. K. 
Richards.) 


muscle which inserts by a common tendon with the psoas also inserts be- 
low the trochanter and thus prevents extensive displacement. Because the 
iliacus is intact some power of flexion usually remains and some patients 
are able to walk. There is usually acute localized pain and pain on active 
flexion or on extension of the thigh. There is also pain on assuming an 
erect position. Relief is obtained on bending over or on sitting down. 

There is local tenderness, and after a few days some ecchymosis. There 
is but little swelling. 

Treatment.—In those cases where there is little displacement and some 
power of flexion, a figure-of-8 bandage may be applied to the thigh and the 
patient allowed up on crutches without weight-bearing. Union is usually 
complete within three to four weeks. Either fibrous or bony union may 
occur. In either case there is no permanent disability. 
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When there is tearing of the iliacus with considerable displacement, 
the patient may be put to bed either in a sitting position or with the thighs 
and knees flexed on pillows. Three to four weeks are necessary before the 
patient is able to get up and about. 

As this epiphysis contributes only to the growth of the lesser trochanter, 
any growth disturbance due to displacement is of no clinical significance. 

Fractures of the Epiphysis of the Os Calcis—The main body of the 
os calcis is derived from a single center of ossification which is present at 
birth. About the sixth to seventh year a secondary center appears. This 
center is for the development of the posterior portion of the bone and for 
both tubercles. To it is attached the tendo achillis (Fig. 123). Occasion- 
ally due to strain upon the tendo achillis the entire epiphysis is avulsed 
and displaced upward. Rarely one sees Type II fractures due to direct 
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Fig. 123.—Normal epiphysis of os calcis. Several centers of ossification are present. These 
are frequently interpreted as fractures. 


violence. Care must be taken in diagnosing this type of fracture as the 
epiphysis is frequently bipartite. 

Treatment.—In avulsed fractures an attempt at reduction by manipula- 
tion should be made and the part put up in a plaster boot in plantar flexion 
for three to four weeks. Active weight-bearing should not be allowed for 
six to seven weeks. In complete avulsion, the fragment may have to be 
nailed despite the possibility of growth disturbance. 

Fractures of the Epiphysis of the Acromion.—The epiphysis of the 
acromion appears about the fourteenth year and ossifies to the body about 
the eighteenth year (Cohn). This epiphysis is important chiefly because 
it is erroneously diagnosed as a fracture. True fractures rarely occur. 
They are caused by falls either directly on the epiphysis or with the arm 
forced into extreme abduction. Displacement is usually slight. Immobil- 
ization should be for a period of three weeks (Figs. 113, 114). 

: A 
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Vertebral Epiphyses.—These epiphyses are of importance not because 
they are susceptible to injury, but because their presence may lead to an 
erroneous diagnosis of a compression fracture of a vertebra. These epiph- 
yses may not completely fuse with the main body, so that this error may 
be made in adult life (Fig. 124, A, B). 





A B 


Fig. 124.—A, Epiphyses of vertebral bodies. (George.) B, Probably traumatic. Fracture in 
epiphyseal region. (George.) 


Fractures of Epiphyses of Phalanges.—The epiphyses of all the pha- 
langes are located at the proximal end of the shafts. They appear about 
the fourth year and fuse with the shaft about the sixteenth year. 





Fig. 125.—Type I fracture of epiphysis of terminal phalanx. Note lateral and posterior dis- 
placement. 


Fractures of these epiphyses are produced either by torsion (Type I) 
or by direct blows (Types II and III). Type I fractures are by far the 
most common. Treatment is the same as is described elsewhere in this 
book. Malposition is corrected as in other epiphyses. Growth disturbance 
is uncommon. 
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Fractures of the Epiphyses of the Metacarpals.—The epiphyses of the 
metacarpals of the fingers are located proximal to the heads of the bones; 
that for the thumb is located at the base, probably because this bone is 
not a true metacarpal but the proximal or third phalanx of the thumb. 





Fig. 126.—Fracture of epiphysis of metacarpal head with dislocation of the epiphysis 


Many attempts at reduction failed. Open reduction showed that the head had dislocated 
through the torn capsule. 


Fractures of the epiphysis of the thumb are produced as are Bennett’s 
fractures. The treatment is the same. 


Fractures of the medial four epiphyses are produced as are fractures of 


the heads in adults (Fig. 122). The treatment is as described under meta- 
carpal fractures. 


Growth disturbance is rare. 


CHAPTER VII 


INITIAL CARE AND TRANSPORTATION 
Rosert H. Kennepy, M.D. 


AccIDENTS occur most commonly on the highways, in industry or in 
the home from which often the injured must be transported to a place 
where permanent treatment commences. In major fractures the initial 
care given at the place of accident and the method of transportation in- 
fluence the ultimate good or poor result. Death, permanent disability, 
loss of earning power, and dependence on the community may be the price 
of lack of attention to the necessary details of what should be done at this 
critical time. 

Dangers of Improper Transportation.—At the instant a bone is broken 
nature tries to protect the part from more injury. If there is any dis- 
placement the muscles shorten, and the fragments ride by one another, 
resulting in the only possible natural splinting. Such splinting is fairly 
effective while the part is at rest, but it does not offer sufficient protec- 
tion when the patient is moved. At the time of the original injury, or as 
a result of overriding of the fragments, the surrounding soft parts are 
damaged as well as the bone. The soft parts concerned are periosteum, 
muscle, blood vessels, nerves, connective tissue, and fat. In transporting 
without effective splinting, the fragments are likely to be moved about, 
often causing irreparable damage to the soft parts. Not only may large 
blood vessels or nerves be torn but such motion causes pain, with its re- 
sultant increase in shock. Moreover, in compound fractures, motion of the 
fragments adds the risk of spreading infection through tissues not exposed 
to infection at the time of the original trauma. 

A bone may be broken in an accident and no displacement of the frag- 
ments occur. If a person is allowed to bear weight on such an injured 
leg or to be moved without proper splinting, displacement of bone frag- 
ments may occur, and any of the unfortunate results mentioned above may 
follow. Not infrequently a closed fracture will become open or compound, 
making the result as to life, hmb, and permanent disability much more 
serious than if the fracture had remained closed. 

All of these occurrences can be prevented if sufficient pull is applied to 
the part to overcome the muscular contraction and thus preserve the orig- 
inal length of the bone. This is simple if applied immediately after injury 
before the muscles have had an opportunity to become fixed in spasm. 
Early reduction is easy and the length of disability in such cases is de- 
creased. Late reductions are lamentable and difficult, and are often fol- 
lowed by long disability. 

Advantages of Proper Transportation.'—1. For the patient, it decreases 
the danger of further injury, increases comfort and lessens shock. 


1 New England Journal of Medicine, 1932, cevii, 9, pp. 393-395. 
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2. For the surgeon, it simplifies reduction. 

3. For the hospital as well as the patient, it shortens his stay by pro- 
moting earlier union and lessening the danger of nonunion. 

4. From the economic side, the expense to industry is diminished be- 

cause the injured man spends fewer days in the hospital and returns to 
work more quickly. 
_ The injured person usually is not cared for first by one of the med- 
ical profession. The majority of the ambulances going to the place of 
accident are manned by laymen. But it is necessary for the physician to 
know the details of the initial care for several reasons. As an ambulance 
surgeon or practicing physician, he might be present at the scene of an 
accident. Since most of this work will be done by lay persons, he must 
be acquainted with the best methods in order to guide the general policy 
and instruct individuals. Since the injured will usually be seen first by 
the physician at the office or hospital, the physician should arrange for 
approved methods of care and transportation in his community in order 
to obtain the best result in the least time. This initial care will continue 
to be rendered by the lay public. It does not constitute treatment, but 
if properly given will make the professional treatment simple and effective. 
There can be no clash of interest between the physician and the lay public 
in this matter. 

Principles of Initial Care.—1. If suspicious that a fracture is present, 
render care as for a fracture. 

2. Combat any shock. 

3. Avoid all unnecessary handling. 

4. Protect any existing wound by the best means available. 

5. Splint effectively, wherever found, before transporting. 

6. Transport carefully. 

The injured person should first be examined rapidly and gently to de- 
termine whether he is seriously hurt. The clothing usually does not need 
to be removed. In examining an injured person, keep him thoroughly 
covered except the part actually being examined. One should depend on 
local pain, loss of function, deformity and malposition of the limb for the 
emergency diagnosis of fracture, and should rarely if ever try to obtain 
crepitus or false point of motion. If the patient thinks that he felt a 
bone “snap,” we should be satisfied for emergency purposes with his his- 
tory and not attempt to prove the diagnosis on the street. 

The saving of life comes first, the saving of limb second. If the patient 
is in shock, this demands treatment before anything is done for the injured 
limb. There is no use in splinting a limb carefully, while neglecting to 
treat shock from which the patient may be dying. On the other hand 
traction on an extremity may be an effective means of combating shock. 
Morphine is the first and best treatment for shock. Sufficient morphine 
should be given to relieve pain and thereby relieve the patient’s restless- 
ness. The body heat must be maintained by sufficient extra covering and 
the use of external heat. 

If a wound is suspected, the seams of the clothing are split to expose 
the region. If a wound is found which may possibly connect with a frac- 
ture, it should not be washed out. A sterile compress should be placed 
over the wound. Bleeding should be stopped. It is rare that this cannot 
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be done with a firm compression bandage. Tourniquets should not be used 
until compression of the wound has proved of no avail. Deaths from hem- 
orrhage have been caused by an improperly applied tourniquet which al- 
lowed some arterial blood to enter the part and only shut off the venous 
return. It is common to see all bleeding stop as soon as a tourniquet is 
removed. If a tourniquet must be used, it should be loosened every half 
hour to allow blood to return to the part distal to the tourniquet. If a 
tourniquet is applied too tightly or for too long a period, gangrene, paral- 
ysis from nerve pressure, or lowered resistance to infection may result. 

Do not attempt to replace the fragments in a compound fracture with 
projecting bone. If the bone disappears beneath the skin in the course of 
the application of traction, it should not cause anxiety. The patient must 
be operated on in any case to clean the wound. It is important to have 
word accompany the patient that the bone has been exposed in order to 
guide the treatment by the next physician. Traction is just as necessary 
in compound as in closed fractures. 

The patient should not be picked up hastily and dumped into the first 
automobile and rushed to a doctor’s office or hospital. It is far better to 
cover him adequately and let him lie on the ground where he was found 
until splints can be put on and then move him in an ambulance. If it is 
necessary to change his position at all before splinting in the instance of 
an extremity fracture, continuous pull should be exerted by the hand on the 
injured part while he is being moved. 

Special Indications in Individual Fractures.—Head Injury—tKeep and 
move the patient in a horizontal position, lying on his back. He may have 
the head raised unless the face is noticeably pale. It is preferable not to 
use morphine. The cerebral centers may be depressed already as a result 
of the injury and this should not be added to by morphine. If, for reason 
of other injuries, it is believed that morphine is necessary, it should be 
accompanied by caffeine. In general the skull injury is of little importance, 
but the possibility of damage to the brain requires attention. Any patient 
with a history of even momentary unconsciousness should be confined to 
bed and kept under observation. The symptoms of serious injury may not 
appear until a number of hours later. Even if the person is apparently un- 
der the influence of alcohol, unconsciousness or semiconsciousness should 
be considered the result of a brain injury as far as the initial care is con- 
cerned, unless witnesses can absolutely rule out the possibility of a fall 
or blow. In case of an accompanying scalp wound, suturing should not be 
done at the site of accident. A sterile compress and bandage only should 
be applied until a place is reached where proper treatment of the deep parts 
can be carried out. Never insert a finger or instrument into the wound, 
as a part of initial care at the site of accident. If there is bleeding from 
nose or ears, do not plug them with cotton. The bleeding may be a life- 
saving decompression. Inserting anything into nose or ears may introduce 
infection. 

Lower Jaw—Try to bring the lower teeth against the upper teeth 
gently. Apply the center of a narrow bandage under the chin. Pass one 
end over the top of the head, and then cross the two ends above the ear, 
tying tightly at base of skull, the crossing being on the side injured. Do 
not use a four-tailed bandage. 
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_ Clavicle and Scapula.—Use a triangular or necktie sling to support the 
upper extremity with the elbow flexed to a right angle, and wrap a body 
bandage about the body and upper arm to diminish movements at the 
shoulder. 

Spine —If the mechanism of injury is such that a fracture of the spine 
might have been produced, transport as a fracture, even though no objec- 
tive signs are made out in a cursory examination. Death or permanent 
disability results more commonly from improper transportation of fracture 
of the spine, sometimes unrecognized, than from any other injury. Ifa 
fracture of the spine might be present and the victim is unconscious, 
handle him as though his neck were broken. 

In patients with possible fractures of the dorsal or lumbar regions, the 
underlying principle of hyperextension should be observed in any moving. 
Transportation should be carried out face downward on a rigid support. 
In the absence of a stretcher, a wide board or door may be used or a so- 
called “ladder splint” made. This consists of two long boards fastened 





Fig. 127.—Boards lashed together for stretcher. Blankets cover wooden stretcher. Patient 
carefully rolled to stretcher so as to lie prone. 


together by three crosspieces, which may be nailed or tied on. Each board 
is padded with a blanket or other material. The patient should be care- 
fully tied in position, so that jolts will not cause any movement (Fig. 127). 

Wherever found, the patient should be slowly and evenly rolled over 
so that he rests on his abdomen on this rigid support. One of his fore- 
arms should be placed under his head, which is turned to the side as in 
the Schaefer resuscitation method. If he must be moved before the rigid 
support is obtained, he may be rolled onto his abdomen on a sheet or 
blanket. This sheet may then be lifted by one person at each end and 
the patient carried prone in this improvised hammock. If neither sheet 
nor blanket is available and two other persons only are present, after 
rolling him onto his abdomen, one person lifts the shoulders and the other 
the thighs, the body being in the face-down position. If more persons 
are present, they may assist with either of these methods so long as no 
one lifts the abdomen. Movement by hand or on a blanket should not 
be done except for removing a person from a point of danger while a rigid 


support is being prepared. 
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In possible fractures of the cervical vertebrae, gently slide the patient 
sidewise onto a rigid support so that he rests face upward with arms at 
the side. Never tilt the head forward. No pillow should be placed under 
head or neck. Pillows or sand bags may be placed at each side of the head 
to prevent rotation. On ambulance stretchers, a board at least 4 feet long 
and 12 inches wide should be placed on the stretcher before the patient is 
slid onto it. It should be in such location on the stretcher that the head 
and trunk rest on the board. we 

If the person with a possible broken neck must be moved or lifted be- 
fore the rigid support is ready, four should form a team, one at his head, 
another at his feet, the others on each side with one hand beneath the hip 
and the other beneath the shoulder. While the two at the sides lift, the 
others gently pull. The pull at head and feet holds the spine apart and 
prevents the bones grinding against the spinal cord. 


FIRST AID FOR BACK AND NECK INJURIES 


Byron Srooxey, M. D., e al. 


The Committee on Fractures of the American College of Surgeons rec- 
ognizes that the first movements of the injured person may further damage 
the spinal cord, causing additional irreparable paralysis and destroy any 
remaining function which may have escaped. Recovery is then impossible. 

Unless there is imperative need to move an individual suspected of 
having a spinal injury to a zone of safety, the injured is best not moved or 
lifted until medical aid reaches him. 

If the injured must be moved, the Committee proposes the following 
first aid methods suitable for the physician, the ambulance and the lay 
public. 


(A) A Stwpete Meruop to DreTerMINE IF THE SPINAL Corp Is InsuRED 


If a patient complains of pain in his back, he may have a broken back. 
If he complains of pain in his neck, he may have broken his neck. Never 
lift an injured person or his head until he has told you whether he can 
move his legs or fingers. If he cannot move his legs, his back may be 
broken. If he cannot move his fingers, his neck may be broken. In both 
cases the spinal cord is injured. If you lift his head to give him a drink 
of water or if you fold him up to carry him, you may grind the injured 
spinal cord between parts of the broken spine and destroy any useful rem- 
nant of the spinal cord which may have escaped injury in the accident. 
Do not assist or allow the victim to sit up. 


(B) Broken Back 


When the back is broken, fold a blanket lengthwise, place it beside the 
injured, hold the injured at shoulder and hips, slowly and gently roll the 
victim over onto a blanket so that he rests on his abdomen, placing arms 
at sides, with the head turned to one side. If he is on his abdomen do not 
turn him. One arm may be folded so as to lie beneath the injured’s head. 
By pulling at shoulders and hips the trunk is moved as a unit. Two or 
four may then lift the blanket by grasping it at the level of the shoulders 
and knees. When the blanket is lifted, the victim’s back sags slightly 
downward, removing pressure from the spinal cord. The injured person 
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is then placed face downward on a stretcher or similar support. He must 
then be transported in this position in an ambulance, truck, or wagon. At 
no time allow the injured to sit up. 


(C) Broxen Neck 


If the injured person with a broken neck must be moved, a board, plank, 
or shutter should be placed lengthwise beside the injured so that it is at 
least 4 inches beyond the injured’s head. The board should be about 5 
feet long and at least 15 inches wide. 

_The neck is steadied by holding the head between two hands, thus 
fixing the head and neck. A second person slides the injured onto the board 
by pulling at the shoulders and hips so that he rests face upward, arms at 
sides, head, trunk, and extremities on the board. The body, head, and neck 
thus are moved as one piece. 

The arms are folded over the chest and pinned or held together. A 
strap should be placed around the injured and the board to prevent in- 
jured from falling off the board during transportation. The board with 
the mjured on it is then picked up and lifted onto a blanket or stretcher. 
Either two or four may form a team to carry the injured. No pillow 
should be placed under head or neck. 

Under no circumstances should the head be tilted forward or sideways. 

If the injured is found lying face downward, a board should be placed 
beside the injured in the same manner as described above. The head and 
neck are then steadied between two hands while another person gently 
rolls the injured onto the board, holding the injured at the shoulders and 
hips so that he lies face up. The head and trunk must be turned in unison. 
The chin should be maintained up, and the head under no circumstances 
must be tilted forward. 

Although there may be no symptoms, 7f a broken back or a broken neck 
is suspected transport as if the back or neck were broken. When the vic- 
tim is unconscious, handle him as though his neck were broken. 

The Committee has considered the prone position in relation to in- 
juries of the extremities, abdomen, chest and head and in so doing has 
consulted with a number of general surgeons. The consensus of opinion is 
that the above proposed method is not harmful to associated internal in- 
juries or those of the extremities. 

Pelvis—tThe injured person, lying on his back, should be transported 
on a rigid support. If the injury seems possibly severe, the two thighs and 
the two legs should be tied together. The position of thighs and legs 
should be that naturally assumed. If enough assistance and the necessary 
material are at hand a body swathe may be placed about the pelvic girdle. 
This should be applied snugly but not tightly. 

Extremities —The only effective and advisable method for transporting 
fractures of the long bones of either upper or lower extremities is in some 
form of fixed traction. This requires the use of a splint of the Thomas 
type. Fixed traction is that in which the pull is exerted from fixed points 
above and below the fracture so that the pull remains the same whatever 
the position of limb or splint. Overriding is characteristic of these frac- 
tures, and there can be no generally effective immobilization without trac- 
tion. In addition, traction relieves pain and shock and prevents further 
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damage in transportation. Whether the injuries are closed or compound, 
the fixed traction splint should be applied if there is any possibility of 
fracture between the hip joint and the foot or between the shoulder joint 
and the middle of the forearm. 

The full rmg Thomas splint can be used on either upper or lower ex- 
tremity. More generally applicable and advisable splints of the Thomas 
type are the Murray-Jones hinged arm splint for the upper extremity and 
the Keller-Blake hinged half-ring splint for the lower extremity. These 
splints should be applied wherever the patient is found before moving him. 

General Requirements of Application—There are certain standards 
that are necessary in the application of this general method. It does not 
make any difference what particular procedure is used so long as one ap- 
preciates what it is sought to accomplish. 

In the use of traction there are six requirements: 

1. There must be some adequate form of hitch, and it is necessary to 
protect the part beneath the hitch so that it will not be injured. 





Fig. 128.—Boy Scouts applying half-ring splint to fracture of femur. Pull in broken leg being 
made. Leg lifted from ground. (Thomson.) 
2. The application of a traction hitch above the ankle or the wrist. 
3. There must be some means of increasing traction so that the de- 
sired pull is obtained. 
4. The extremity being in traction, it must be supported from below. 
One must not depend merely on traction for the entire support of the limb. 
5. Lateral movement must be prevented. 
6. The whole splint must be suspended in such manner that the heel 
will never be pressed upon. 
Example of Typical Application..—Suppose we are dealing with a pos- 
sible fracture of the shaft of the femur: 
1. The patient is covered with blankets. 
2. Morphine is administered, if available, under medical supervision. 
3. The foot, with or without the shoe on, is grasped firmly by an 
assistant with both hands placed laterally. 
4. Gentle, steady, firm traction is made in the axis of the extremity. 


1 An Outline of Treatment of Fractures, 2nd Ed., American College of Surgeons, 1933, 
pp. 7-8. 
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Manual traction is maintained until splint traction is established (Figs. 
128, 129). 

5. While traction is being made, the whole limb is slowly lifted sev- 
eral inches from the ground (Fig. 130). 

6. The half-ring splint is slipped from the outer side beneath the 
extremity. 

ri The side bars of the splint are placed in the median horizontal plane 
of the thigh so that the half ring rests against the tuber ischii. 









Fig. 129.—Traction on injured leg. Hialf-ring splint. 


8. The strap is buckled over the anterior surface of the thigh. 

9. The lower end of the splint rests against the body of the assistant 
who is still applying traction (Fig. 130). 

10. The ankle region is protected by cotton wadding or a shoe. 


Fig. 130.—Half-ring splint being applied. Pressure being made against end of splint. (Thom- 
son.) 


11. The traction hitch is applied, e. g., army traction strap, or muslin 
bandage about ankle, or adhesive plaster to leg. 

12. The traction hitch is fastened to the end of the splint. 

13. Traction is increased by Spanish windlass action with, e. g., tongue 
depressors and adhesive plaster, or long nail. At this point manual trac- 
tion is released (Fig. 131). 

14. The extremity is supported in the splint. This may be accom- 
plished by muslin hammocks and clips applied before the splint is put on, 
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or by wide cotton bandage wrapped from below up or triangular muslin 
slings after traction is applied. 





Fig. 131.—Traction straps fastened about the wrist and to end of splint tightened by twisting 
with stick to increase the pull. 


15. Lateral movement is prevented by a muslin bandage above and 
below the knee or by cotton bandage mentioned in 14 or by carrying a 
triangular sling used for support around the extremity and the splint. 


g 





Fig. 132.—Application of splint to lower extremity completed. (Thomson.) 


16. The end of the splint is suspended to the stretcher bar or to the 
roof of the ambulance (Fig. 132). 

17. A foot piece is advisable if transportation is to be prolonged. 

The ee oh of applying traction to the arm is quite similar (Figs. 
1335°134)% 
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In hospital practice, a traction splint should be applied immediately 
in the emergency room, if it has not been done before. The patient is 
transported to the a-ray room and ward with traction on. The removal 
of the patient’s clothes is supervised so that if splint traction has tem- 
porarily to be loosened, traction is maintained manually until splint trac- 









Fig. 133.—Arm splint being applied by Boy Scouts. Note pull on broken arm made by grasping 
wrist of injured arm. (Thomson.) 


tion can be reapplied. The traction splint is kept on during the trip to 
the operating room and until the patient is in the care of a surgeon. 

If Thomas type splints are not available, the first aid treatment of 
fractures of the humerus should consist of binding the arm to the side of 
the body, with or without a pad in the axilla and with or without a padded 
wooden splint on the outer aspect of the arm, the wrist being supported by 


Fig. 134.—Application of arm splint completed. (Thomson.) 


a narrow sling passing about the neck. For fractures of the elbow, fore- 
arm, wrist, and hand, padded splints of wood or heavy cardboard will 
suffice for transportation. 

If Thomas type splints are not available for fracture of the lower ex- 
tremity, it must be appreciated that unless manual traction is exerted dur- 
ing transportation there is always danger of increasing the extent of injury. 
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Formerly long wooden side splints were applied from the axilla to beyond 
the foot for fractures of the hip and thigh. These are difficult of applica- 
tion and probably do more harm than good. It is preferable simply to 
bind the two thighs and legs together, using the well leg as a splint 
(Fig. 135). 

For fractures of the patella, leg, and ankle, a pillow drawn firmly around 
the part in its proper relation is fairly satisfactory. Its application for a 
fracture of the ankle region is as follows: ‘““The pillow extends down just 
below the heel and the open end of the slip beyond the heel. The edges 
of the slip are grasped and pulled together snugly, the pillow not being 
included. The slip is pinned starting at the top, pulling and overlapping 
it tight over the anterior surface of the leg and over the pillow. This 
tight compression is continued down to just above the instep. When the 
slip is pulled as firm as possible along the anterior surface of the tibia, its 





Fig. 135.—TIllustrating half-ring splint applied to fracture of femur. Note hitch about ankle 
fastened to lower end of splint. (Kennedy.) 


corners are grasped where they extend beyond the foot, the one on the 
medial surface being pulled toward the lateral surface and the one on the 
lateral surface being pulled toward the medial surface across the sole of 
the foot. The pillow is pulled up with them over the sole, extending up 
to the ball, and the corners of the slip are pulled around to the front and 
pinned, the pillow itself being firmly compressed within the slip, around 
the foot, ankle and leg, forming even pressure over the whole surface, 
front, back and sides.’+ For greater immobilization, wooden splints may 
be bandaged on both sides of the leg outside of the pillow. 

A padded posterior wooden splint will suffice for patella fractures, and 
two lateral wooden splints extending from midthigh to foot may be used for 
leg and ankle fractures. For all fractures of the foot, a splint should be 
applied to the plantar surface long enough to extend beyond both heel and 
toes. This may be of wood or any other firm material. 


1 Magnuson’s “Fractures,” Ist Ed., p. 292, J. B. Lippincott Co., Publishers. 


CHAPTER VIII 
THE EMPLOYMENT OF PLASTER OF PARIS 


AN interesting and useful type of material for use in making cylindrical 
casts or molded splints has recently been described by Thorndike and 
Garrey. By using synthetic resins impregnated into cotton cloth bandage, 
these authors have developed a light, neat and waterproof cast material, 
which is far more pervious to x-ray than plaster of Paris. It is too early, 
however, to estimate the limits to which this type of rigid bandage may 
extend. 

Many fractures of the upper and lower extremities may very properly 
be treated, at some period, by the plaster of Paris splint. 

The plaster of Paris should be of the best quality and dry. Crinoline 
is used for bandages. Commercially it is called Arrowwanna Crinoline 
Lining. It is a lining material that is coarser meshed than the cheesecloth 
used for gauze bandages, and is also stiffer than cheesecloth. It should be 
cut into 4-yard lengths, folded, and stitched together. Crinoline contains 
considerable sizing or glue. This is detrimental to its use as a plaster 
bandage. It should, therefore, be washed free of the sizing in lukewarm 
water, thoroughly rinsed, and rough dried. The stitching holds the mate- 
rial firmly together during the washing. It should be cut into strips the 
widths of the desired bandages. Three widths are ordinarily useful, namely 
widths of 2, 3, and 5% inches. These 4-yard strips are made into roller 
bandages. A fine-meshed gauze bandage is being used commonly in place 
of crinoline. 

Rolling the Plaster.—It is a simple matter to make one’s own plaster 
roller bandages. It is possible to purchase plaster bandages in sealed pack- 
ages. These are ordinarily made with unwashed crinoline and are less 
desirable. A shallow box or tray is needed to hold the plaster. Two per- 
sons can roll the bandage with facility. “A” manages the roll of crinoline, 
straightens it as it unwinds, spreads the plaster with a light piece of board, 
the size of the hand, while “B” draws the crinoline across the tray from 
under the board held by “A,” and rolls up the bandage loosely and evenly. 
“A,” with the board held still and plaster heaped upon the bandage behind 
it, regulates, by more or less pressure upon the bandage, the amount of 
plaster distributed over the crinoline. It requires but ten or fifteen minutes 
to make enough bandage for a plaster splint for the leg or thigh. An ad- 
vantage in making one’s own bandages is that they are made of the 
desired width and have the proper amount of plaster. They are fresh and 
more likely, therefore, to set readily upon being wet. If many bandages are 
made at a time they may be kept in a tin cracker box. If the closed 
box is put in a dry place these bandages will keep indefinitely. Should 
the plaster become damp, the bandages should be placed in a warm oven 
until dry. It is important in making the plaster roller bandage to put just 
enough plaster into the bandage and to distribute the plaster evenly 
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Fig. 136.—Shoulder cap of plaster of Paris used in injuries to the shoulder joint and upper 
end of humerus. Note shape of crinoline, which has been filled with plaster cream. First step 
in application. The shoulder may be covered with a protective layer of sheet wadding. 








Fig. 137.—Shoulder cap of plaster of Paris. Application to shoulder and front of chest. Second 
step in application. Note that shoulder and upper arm are well covered. 
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Fig. 138.—Shoulder cap of plaster of Paris. Application completed. Anterior view. 








Fig. 139—Shoulder cap of plaster of Paris. Fig. 140.—Shoulder cap of plaster of 


Application completed. Posterior view. Paris. Application of retentive roller 
bandage of cheesecloth. Anterior view. 


A sling should complete the dressing. 
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through the meshes of the crinoline. The proper amount of plaster to put 
into a bandage can only be learned by experience in making and using 
the bandages. It is a common error to spread the plaster too thickly. The 
water in which the bandages are dipped should be lukewarm and of suf- 
ficient depth to cover the bandages when set up on end. The water, work- 
ing its way into the meshes of the bandage, displaces the air in the ban- 
dage, which is indicated by the bubbles rising to the surface of the water. 
As soon as the bubbles have stopped rising the plaster is. thoroughly wet 
throughout the bandage. Table salt, 2 teaspoonfuls to 4 quarts of water, 
hastens the setting of the plaster. Its use, however, is to be deprecated, 
because the plaster has to be applied too quickly for the best results in 








Fig. 141.—Fracture of the elbow or forearm. Application of sheet wadding for protection. 
Method of holding the arm at a right angle. 


plaster work, and the brittleness of the plaster resulting from the use of 
salt is undesirable. The plaster bandage should be lifted from the water 
carefully with both hands holding the two ends so as to retain as much 
plaster as possible within the roll. The bandage should then be wrung free 
from water while the hands still grasp its ends. The bandage should be 
wrung until it does not drip. In the application of the plaster splint to 
fractures of any part of the body it is important that all deformity should 
be corrected and that the part should be thoroughly immobilized. This 
necessitates the presence of one or two assistants. 

In applying a plaster splint with the roller bandage the surgeon should 
do his work so carefully that he scatters no plaster anywhere but upon the 
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Fig. 142.—Fracture of the elbow or forearm. Application of plaster of Paris bandage. Method 
of holding the arm. 





Fig. 143.—Fracture of the elbow or forearm. Plaster of Paris splint being applied. Elbow 
at a right angle. 


splint and in the pail of water. The surgeon should work neatly. The 
patient should be protected by a sheet. The floor should be protected by a 
sheet spread under the patient and under the chair of the surgeon. The 
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surgeon should remove his coat, roll up his sleeves, and be protected from 
unexpected spattering of plaster by an apron or sheet over his body. 





Fig. 144.—Anterior and posterior splints being applied after having become firm upon the 
forearm. For fracture of forearm bones. 


One thickness of sheet wadding torn into strips, from 3 to 5 inches wide, 
and rolled into roller bandages and then applied to the limb forms the best 





Fig. 145.—Anterior and posterior splints in position. To be held in place by adhesive-plaster 
strips and a bandage. A light, durable, cheap, efficient splint. 


protection to the skin in applying the plaster splint. The sheet wadding is 
purchased at any of the dry goods stores. It may be purchased by the 
quarter bale or by the single sheet. The plaster bandage should be 
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applied to the protected part slowly, deliberately, and accurately. The 
bandage should be applied smoothly, and should have no wrinkles or thick 
awkward places anywhere. It is well to rub the bandage as fast as it is 





Fig. 146.—A posterior splint for elbow, forearm, and upper arm. It is most comfortable. 





Fig. 147.—Posterior elbow splint in position. 


laid upon the part with the palm of the hand slightly wet to distribute the 
plaster cream thoroughly and evenly. Over bony prominences the bandage 
should be very carefully molded. This will insure a good fit and less 
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likelihood of slipping upon change of position. It is well to carry the first 
roll of plaster as far as it will go, one or two layers thick, completing the 





Fig. 148.—Posterior and anterior splints for elbow. Anterior splint being applied. 


whole splint once, and then to go over it again from beginning to end. A 
sufficient number of layers should be applied to make a firm enough splint 





Fig. 149.—Anterior and posterior splints for the elbow. Note the additional plaster wedge being 
put in place to strengthen the anterior splint at the bend of the elbow. 


for the support of the part when the plaster has set. The splint should 
be as light as is compatible with strength. Light splints, if accurately 
fitted, accomplish more good than heavy, ill-fitting ones. It is better to use 
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Fig. 150.—Anterior and posterior plaster splints applied. Most comfortable and efficient in 
injuries high up the forearm and at the elbow and lower part of upper arm. 





Fig. 151.—Plastie spica dressing of service Fig. 152.—Plaster spica shortened to per- 
after fracture of the femur when the patient is mit flexion of the knee after fracture of the 


first up. femur. 
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Fig. 153.—Lateral or side splint of plaster of Paris for the foot, ankle, and lower leg. Note 
shape of crinoline. The plaster cream is being poured from pitcher and evenly rubbed into the 
layers of crinoline. 








Foot portion. Leg portion. 


Fig. 154.—Lateral or side splint of plaster of Paris ready for application to leg, ankle, and foot. 
Plaster cream has been thoroughly rubbed into the meshes of the crinoline. 
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too few rolls of plaster bandage rather than so many that a heavy and 
cumbersome splint is made. Immediately after the plaster has set, if it is 
found to be too weak at any spot, an additional bandage may be used 





Fig. 155.—Lateral or side splint of plaster of Paris applied to the inner side of leg, ankle, 
and foot. Held in position ready for bandage. Note the perforated tin strip at the ankle for 
greater strength. Foot at right angle with leg. 


to reinforce at that point. The part bandaged should be held in perfect 
position until the plaster has set firmly enough to support it. This will 
ordinarily occur in about ten or fifteen minutes. The weight of the splint 





Fig. 156.—Lateral or side splint of plaster of Paris. Retentive bandage being applied. Tin 
reinforcing strip seen at the ankle. 


may be materially reduced by using tin strips incorporated in the layers 
of the plaster bandage. These strips should be perforated by holes so as to 
offer rough places to catch in the plaster bandage. The two ends of the 
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splint should be so finished that pressure and consequent deformity cannot 
occur—for instance, the plaster of the forearm should stop just short of the 
bend of the elbow. The plaster of the thigh should be so far below the 
perineum and groin as to permit of flexion of the thigh upon the trunk 








Fig. 157.—Plaster gutter to posterior surface of leg and foot, held in place by a few turns of 
a cheesecloth bandage. This plaster posterior splint is made much as is the lateral plaster 
splint for the leg and foot. 


without excoriating the skin of the groin. The toes and fingers should be 
left uncovered to admit of inspection. 

A certain degree of skill is demanded upon the part of the surgeon for 
the proper application of the plaster of Paris splint. Plaster of Paris, when 





Fig. 158.—Anterior and posterior plaster splints for injuries to the leg below the knee and about 
the ankle and foot. Anterior splint being applied. 


used for fractured bones, is applied either before or after the swelling has 
taken place; if applied before, it constricts the seat of fracture, prevents 
swelling, and may cause great pain; if applied after the swelling has taken 
place, it becomes loose as soon as the swelling of the soft part subsides, 
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and motion of the limb in the splint and of the fragments of the fractured 
bone one upon the other is possible. It is important, therefore, to split the 
plaster soon after it has been applied, and thus obviate these dangers of 





Fig. 159.—Anterior and posterior leg splints applied. Note application of the half-cuff of plaster 
to reinforce the ankle. 


too tight and too loose a splint. The tightness of the splint should be 
regulated by straps and a bandage of cheesecloth. 

The Removal of the Plaster Splint.—The removal of the plaster splint 
is difficult. No instrument has been devised that is more efficient than 
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Fig. 160.—Fracture of the patella. The leg covered with sheet wadding. The application of 
the plaster of Paris roller. 


an ordinary sharp jackknife. If the plaster splint is split immediately after 
its application—i. e., as soon as it is hard—it will be far easier than if it is 
cut after it is thoroughly dry. A strip of tin 1 inch wide laid upon the 
protected leg and covered by the plaster im its application will often be 
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of great service upon removing the plaster. The tin will serve as a pro- 
tection to the skin, and the cutting may be done more quickly and easily. 

After removing most of the plaster from his hands the surgeon should 
wash his hands with a little water and granulated sugar or molasses. The 





Fig. 161.—Fracture of the patella. Application of the plaster of Paris roller. Bandage being 
: finished. 


sugar assists in removing all traces of plaster and leaves the skin soft and 
clean. Bandages of plaster of Paris are so readily obtained, so efficient, so 
safe from interference upon the part of the patient, and so easy to apply 
that it is surprising they are not applied more often than they are. 





Fig. 162.—Fracture of the leg. Plaster of Paris splint applied from the toes to the groin. Foot 
at a right angle with the leg. Toes padded to prevent chafing. 


The dextrin bandage is much slower in becoming firm than the plaster 
bandage, and yet is very light and serviceable. It is applied exactly as 
is the plaster of Paris bandage. The roller bandage of cotton cloth is first 
unrolled and rerolled in a basin containing a watery solution of powdered 
dextrin. Formula for making the solution of dextrin: Add about 14 ounces 
of powdered dextrin to a pint of water, boil until dissolved, strain, and 
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Fig. 163.—Fracture of the leg. Plaster cast of leg from toes to below the knee removed. 





Fig. 164.—Fracture of the leg. Removable plaster cast of leg. Same as Fig. 163. Anterior 
view, showing cut in plaster. 


142 THE EMPLOYMENT OF PLASTER OF PARIS 


add 1 ounce of alcohol. The bandage is thus thoroughly saturated with 
the dextrin solution. After covering the part bandaged once, dextrin 1s 
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Fig. 165.—Open fracture of the leg. Plaster of Paris splint. Window cut in plaster, through 
which wound is dressed. Window surrounded by oiled silk. 


painted, with a small paint brush, over the bandage. This is allowed to dry 
before the second and third layers of the bandage are applied. After each 





Fig. 166.—Open fracture of the ankle. Window in plaster of Paris splint, through which wound 
is dressed. Gauze seen in the window. Oiled silk about the window. 


bandage a coating of dextrin is applied. After the final bandage several 
coatings of dextrin are applied until a shiny, smooth surface results. This 
bandage may be cut, and, by the addition of strips of leather along the 
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Fig. 167.—Ham splint of plaster of Paris. The splint is slightly thicker at the ham under- 
neath the region touched by the thumb in the plate. It is thus strengthened. More com- 
fortable than ordinary wooden ham splint. 





Fig. 168.—Method of preventing posterior bowing in fracture of both bones of leg when 
applying a cast. Showing piece of muslin wide as leg is long, torn into 3-inch width strips, 
leaving a continuous piece in middle. The leg is then tied up to a horizontal support above. 
(From Magnuson and Coulter, in International Clinics, Vol. I, Series 31. J. B. Lippincott Co., 
Publishers.) 
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Fig. 169.—Method of preventing posterior bowing when applying a cast for fracture of both 
bones of the leg, showing the alternate strips cut. (From Magnuson and Coulter, in International 
Clinics, Vol. I, Series 31. J. B. Lippincott Co., Publishers.) 





Fig. 170.—Device to prevent cast applied for fracture of both bones of leg from rotating 
out. Note piece of board placed on posterior part of cast, held by few turns of plaster bandage. 
This holds the lower fragment in the proper arc of rotation to meet the normal rotation, Fig. 171. 
(From Magnuson and Coulter, in International Clinics, Vol. I, Series 31. J. B. Lippincott Co., 
Publishers.) 
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cut edge upon which are hooks, may be laced and unlaced as necessary 
(Figs. 173, 174). 

It is important for every surgeon who may handle fractures to under- 
stand the use of plaster of Paris as splint material. If it is used intelli- 





Fig. 171.—Of the upper fragment. Note this holds leg in normal weight line position— 
anterior-superior spine to middle of patella and second toe. (From Magnuson and Coulter, in 
International Clinics, Vol. I, Series 31. J. B. Lippincott Co., Publishers.) 





Fig. 172.—Fracture of the patella. Leather knee cap with hooks for lacing. Made from plaster 
cast. Worn as a protection to knee after fracture. 


gently it is valuable, if it is used unintelligently it may be the occasion of 
irreparable damage. It must be remembered that after applying a plaster 
of Paris splint the limb is rigidly encased, held immovable. The muscles 
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of the part no longer can contract readily. Consequently the circulation 
is hindered. An edema will result. When the lower limb is allowed to 
be dependent under the above conditions necessarily there will result an 
increasing edema. This may become not only uncomfortable, but a real 
menace to the circulation of the part. If the limb is kept elevated for 
twenty-four hours immediately after the application of the splint, less 
swelling will occur subsequently than if the plaster of Paris encased limb 
is permitted to hang down. In the case of the upper extremity the hand 





Fig. 173.—Fracture of the leg. Removable Fig. 174.—Fracture of the leg. Same as Fig. 
dextrin splint with hooks and lacing. 173. Anterior view. 


and elbow should be allowed to rest at a little higher level than the 
shoulder. In the case of plaster of Paris splints applied to the lower 
extremity, not including, of course, the plaster of Paris spica splint en- 
circling the pelvis and the lower extremity, the foot should be elevated 
immediately after the application of the splint to a level a little above 
the hip of the same side. 

All circularly applied plaster of Paris splints should be split or cut into 
two portions immediately after their application. Thus will be avoided 
dangers of constriction of the part and consequent disturbances of the 
circulation. 


CHAPTER Ix 
THE AMBULATORY TREATMENT OF FRACTURES 


By the ambulatory treatment of fractures of the lower extremity is 
understood a method of treatment that permits the immediate and con- 
tinued use of the injured limb as a means of locomotion. 

Medical literature contains many references to this method. It has 
been in use for many years. It has not met with general acceptance even 
among hospital surgeons. It is a radical method and open to criticism. 
It contains, however, several important suggestions. It will prove instruc- 
tive to follow the adoption of this method by its advocates, and to dis- 
cover, if possible, what there is in it of permanent value. 

Orthopedic surgeons as early as 1878 conceived the idea of allowing a 
patient with a fracture of the thigh or of the leg to walk about by means of 
apparatus. Thomas, of Liverpool, and Dowbrowski used the Thomas 
knee splint in the treatment of fractures certainly as early as the year 1881 
or 1882. Krause, a German surgeon, published in 1891 the first account 
of the treatment of fractures of the bones of the leg in walking patients. 
Krause demonstrated that plaster of Paris could be used as a splint in 
fractures of the leg and in transverse fractures of the thigh. Korsch in 
1894 presented a paper to the German Surgical Congress demonstrating 
that compound fractures of the leg and fractures of the thigh may be 
treated with plaster of Paris splints and early use. Korsch makes per- 
manent extension in a thigh fracture, while traction is maintained by an 
assistant, by applying the plaster directly to the skin, snugly to the 
malleoli, the dorsum of the foot, and the heel. A padded ring is incor- 
porated into the upper limit of the plaster splint around the thigh, which 
presses against the tuberosity of the ischium, and thus accomplishes 
counterextension. Korsch’s cases were treated in Bardeleben’s clinic. 
Bruns, of Tiibingen, in 1893 described a splint for use in these cases of 
fracture of the leg and thigh. Dollinger, of Budapest, in 1893 described 
a splint for the ambulatory treatment of fractures of both bones of the leg, 
and reported 3 cases. Dollinger’s method of applying the plaster of Paris 
splint is the one generally used whenever the ambulatory treatment is em- 
ployed. The method is described later. 

Warbasse, at the Methodist Episcopal Hospital at Brooklyn, N. Y., in 
1893 was the first in this country to adopt systematically Dollinger’s 
method. Warbasse reports 6 cases—all in young adults. Bardeleben re- 
ported in 1894 116 cases treated with walking splints. There were 89 
fractures of the leg, complicated and uncomplicated; 5 fractures of the 
patella; 22 fractures of the thigh, 5 of which were compound; 3 cases of 
osteotomy for genu valgum. Bardeleben lays down the following law: “It 
is of the greatest advantage to the patient that such a dressing can be 
applied to the broken leg that he can bear the weight of the body upon it 
and walk about; but such a method of treatment should be applied only 
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under medical supervision, and with the most careful consideration of 
complications that might arise.” Korsch presented to the German Surgical 
Congress in 1894 7 cases—3 of the thigh and 4 of the leg. Albers in 1894 
reported 78 cases (56 of the leg, 5 of the patella, 16 of the thigh, and 1 of 
the leg and thigh) treated by the ambulatory method. He seems to be a 
little more cautious than other German surgeons in this matter. He says 
that when great pain is present it is best to employ injections of morphine. 

Elevation of the limb will often reduce the swelling; when this does not 
suffice, the bandage must be removed. Severe local pain from pressure 
indicates the necessity for cutting a fenestrum. The first attempt at 
walking should be made on the day following the application of the cast. 
A crutch and cane are used at first; later, two canes are employed; and, 
finally, some patients walk without any support at all. Krause in 1894 
reported 72 cases treated. He is of the opinion that the ambulatory treat- 
ment in plaster splints must be limited principally to fractures and osteot- 
omies in the region of the malleoli, the leg, and the lower end of the thigh. 
He does not employ the method in the handling of oblique fracture of the 
femur and fractures of the neck of the femur. Bardeleben writes again in 
1895, reporting up to that date 181 cases treated by the ambulatory 
treatment. This last report, of course, included the 116 cases of the 
previous record. Dr. Edwin Martin, before the Surgical Section of the 
College of Physicians in Philadelphia, in December, 1895, reported 20 
cases of fracture of the leg treated by this method. Dr. E. S. Pilcher, of 
Brooklyn, N. Y., in whose wards Warbasse worked, reported to the Amer- 
ican Surgical Association the 20 or more cases treated by him in which 
the results were satisfactory. N. P. Dandridge, of Cincinnati, Ohio, has 
used the method in 8 cases. In most of the cases pain was complained of 
when weight was borne on the foot. In a feeble woman it was necessary 
to remove the cast in the third week. In the case of a man—a compound 
fracture of the leg—after walking two weeks he had so much pain that the 
plaster was removed. Redness and swelling were great at the seat of 
fracture, and there was much swelling over the internal malleolus. Wood- 
bury introduced the method at Roosevelt Hospital, New York City, and 
Fiske has reported cases treated at that clinic. Roberts, of Philadelphia, 
and Woolsey, of New York, have used the method in selected cases with 
satisfaction. A. T. Cabot, of Boston, has used, in several fractures of the 
femur, Taylor’s long hip splint. E. H. Bradford, of Boston, has treated 
eases of fracture at the Children’s Hospital by a modified Thomas knee 
splint, with and without plaster of Paris splinting (Fig. 175). 

Those advocating the ambulatory treatment suggest its application to 
fractures of the leg below the knee, both simple and compound, and in frac- 
tures of the lower end of the femur. The apparatus is not to be applied 
for three or four days if there is much primary swelling. 

The method of application of the plaster splint in the ambulatory treat- 
ment of fractures of the tibia and fibula alone is as follows (this is prac- 
tically the method of Dollinger): First comes the cleansing of the skin of 
the leg with soap and water and then the reduction of the fracture. Then, 
with the foot fixed at a right angle to the leg, a flannel bandage is smoothly 
and evenly applied from the toes to just above the knee. This bandage is 
made to include beneath the sole of the foot a padding of 10 or 15 layers of 
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cotton wadding, making a pad about %4 inch thick, after it is compressed 
by the moderate pressure of the flannel bandage. Over this is now applied 
the plaster bandage from the base of the toes to just above the knee, 
especial care being taken that the application is made smoothly and some- 
what more firmly than is the custom in the ordinary plaster cast. The 
layers of the bandage should be well rubbed as they are applied, with a 
view to obtaining the greatest amount of firmness with the smallest 
amount of material. The sole is strengthened by incorporating with the 
circular turns an extra thickness composed of 10 or 12 layers of bandage 
well rubbed together, and extending longitudinally along the sole. The 
bandage is applied especially firmly about the enlarged upper end of the 
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Fig. 175.—Thomas knee splint for ambulatory treatment of leg fractures, used with a light 
plaster of Paris leg splint: a, Ordinary form; b, “‘caliper’’ or convalescent splint so fitted as to 
keep the heel of the foot away from the boot while the toes are used; c, the half-ring sometimes 
used at the upper end; d, lower end of splint, as arranged for windlass traction. 


tibia, and here it is made somewhat thicker. As it dries it may be pressed 
in so as to conform more closely to the leg just below the heads of the 
tibia and fibula. The assistant, who stands at the foot of the table and 
supports the leg, makes such traction or pressure as is required to keep 
the fragments in proper position while the plaster 1s being applied. The 
operation requires about twenty minutes, and by the time the last bandage 
is applied the cast should be fairly hard. 

It is seen that when this cast has become hardened the leg is suspended. 
When the patient steps upon the sole of the plaster cast the thickness of 
the cotton beneath the foot separates the sole of the foot so far from the 
sole of the cast that the foot hangs suspended in its plaster shoe. Thus 
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the weight of the body, which would come upon the foot, is borne by the 
diverging surface of the leg above the ankle. The chief of these is the 
strong head of the tibia. A lesser réle is played by the head of the fibula 
and the tapering calf in muscular subjects. 

In thigh fractures the use of the long Taylor hip splint, together with a 
high sole upon the well foot and crutches, is generally accepted as the best 
method of ambulatory treatment. 

The advantages claimed for the ambulatory method are: 

Time is saved to the business man by this method—he having to give 
up but about seven days to a fracture of the leg. The time spent by the 
patient in the hospital is less than by other methods. The general health 
is conserved; whereas by the old method the appetite is variable, sleep is 
troubled, the bowels are constipated, and general discomfort prevails. 
There is greater general comfort by this method than by any other. In 
drunkards and those with a tendency to delirium tremens this liability is 
greatly diminished. In old people the danger of a hypostatic pneumonia is 
lessened. The primary swelling associated with a fracture is often avoided, 
and always less than by the older methods. The secondary edema and 
muscular weakness are less. The functional usefulness of the whole leg 
is greater. There is less atrophy of the muscles of the thigh and leg. The 
amount of the callus is diminished. There is less stiffness of neighboring 
joints. Union in a fracture occurs at an earlier date. 

Before this method can be adopted generally and in hospital treatment 
it must be demonstrated that it is safe, and that it offers chances of better 
functional results than are obtained by present methods, and that the 
minor advantages claimed for it by ardent German advocates are real and 
not imaginary. The first great advantage of the method is stated to be 
that the stay in the hospital and the time away from one’s occupation are 
much lessened. Regarding this point the Massachusetts General Hospital 
Surgical Records were consulted for these three periods: before the use 
of plaster of Paris—that is, prior to 1865; just at the beginning of the 
use of plaster of Paris as a splint for fracture, and in 1895, 1896, and 1897. 
Thirty-five unselected cases of fracture of the tibia and fibula were tabu- 
lated from each period. The duration of the average time spent in the 
hospital in the first period—. e., prior to 1865—was forty-six days; in 
the second period—2. e., about 1866—it was forty-five days; at the present 
time it is sixteen days. In the second period plasters were applied to frac- 
tured legs on an average at about the twenty-eighth day; at the present 
time, on the fourteenth day. In other words, there has been since the 
introduction of the plaster splints a gradually shorter detention in the 
hospital, as surgeons have come to recognize the safety of an earlier appli- 
cation of a fixed dressing. On an average, patients with fracture of the 
leg are detained in the hospital today but sixteen days. The very great 
saving to the hospital in time by the ambulatory treatment does not, there- 
fore, appear. It is impossible to consider the statements made with regard 
to rapidity of healing, sign of callus, absence of muscular atrophy, and 
absence of rigidity of joints, because there are no facts available for the 
purpose. The advantages stated are based, most of them, upon the per- 
sonal impressions of the surgeon in charge; impressions compared with 
scientific observations are untrustworthy. 
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Krause presents a table from Paul Bruns containing the average periods 
of healing in a series of fractures, and compares these periods with his own 
fracture cases treated by the ambulatory method. This is the only at- 
tempted scientific statement of observation on this important point. 
Krause concludes from a study of these tables that, “In the treatment of 
fractures of the middle and upper thirds of the leg the ambulatory method 
shows a great advantage in the period of consolidation as well as in the 
time when the patient can return to work. It seems that the higher up 
the fracture is in the leg, the sooner a cure is effected by the ambulatory 
method of treatment.” 

Conclusions.—A review of the literature does not disclose any other 
advantage in the results of the ambulatory treatment over the present 
treatment of fractures of the leg than that stated by Krause. The pres- 
ent commonly accepted method of treating fractures of the femur by long 
rest in the horizontal position, with extension by weight and pulley, is 
not satisfactory. The protracted stay in bed is undesirable. The use of 
the Taylor hip splints in the treatment of this fracture, assisted by coap- 
tation splints or a splint of plaster of Paris, is of distinct value. This, 
however, is a somewhat well-known method of ambulatory treatment. 

Theoretically and practically the ambulatory treatment does not per- 
fectly immobilize; therefore it cannot preeminently succeed as a means of 
treatment. The method in general seems to be unsurgical. Embolism, 
both of fat and blood, and the likelihood of pressure sores in the use of 
the plaster splint are dangers to be considered. It is wise to allow the 
injured limb to rest while the reparative process is beginning. Muscular 
relaxation is desirable in the treatment of fractures. The very admission 
by the advocates of the ambulatory treatment that muscular contractions 
take place is reason enough for supposing that complete immobilization is 
not obtained by this method. However, in certain carefully selected cases 
of fracture below the knee, particularly of the fibula, if under the care of 
a competent and skilful surgeon, it is possible to conceive of the ambulatory 
method being used without doing harm. 

A consideration of the ambulatory treatment of fractures should lead to 
a more careful and early use of the plaster of Paris splint in fractures of 
the leg, and to a proper application of the long hip splint or its equivalent 
in fractures of the thigh, and to the early use of crutches and the high 
sole on the well foot in both of these lesions. 

Griswold! has been using the nonpadded plaster of Paris splint fixation 
in fractures of the long bones of the lower extremity. Griswold supple- 
ments the fixation of the plaster splint by skeletal fixation incorporated in 
the plaster of Paris. Circulatory disturbances may be avoided with proper 
care. There is no doubt that under the above conditions the patient may 
be made ambulatory or at least mobile. 

1 The American Journal of Surgery, vol. xxxii, No. 2, May, 1936. 
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MASSAGE AND MOBILIZATION? 


Someone has said that the power to heal is the property of living tissue, 
but that the power to recover function, the use of muscles and joints, is the 
property of the patient’s will. 

Cooperation of Patient.—In other words, if the surgeon correctly diag- 
noses the injury and correctly treats it the cooperation of the patient is 
essential to a complete recovery—and nowhere will this cooperation be 
more helpful than in the mobilization of the part. The greater the co- 
operation, the more satisfactory will be the recovery. 

Surgeon Should Be Informed.—It is extremely important that the 
surgeon caring for fractures should understand the principles and something 
of the practical working of massage and mobilization. 

The principles underlying this special art find application in every frac- 
ture of a long bone without any exception. 

Because of the universal applicability of the art of the mobilization of 
fractures it behooves surgeons to familiarize themselves with its methods. 
The treatment by massage and mobilization must be under the supervision 
and advice of the surgeon. The correct meaning of massage and active 
motion is not generally understood. What this form of treatment can 
accomplish is not commonly recognized. When in the course of a given 
case the treatment may be employed to the greatest advantage is unknown 
to most practitioners. 

Hospitals Poorly Equipped.—There is no systematic arrangement for 
the proper admimstration of early active motion or massage under personal 
direction in many hospital services. Hospital authorities do not yet com- 
prehend the value of this treatment. 

Such active mobilization and massage must be prescribed and adminis- 
tered with a careful supervision which does not exist even in our best 
climes. Each patient’s problem and necessary treatment are still divorced 
from personal supervision. Many of the mediocre results following fracture 
are because of the lack of appropriately timed and supervised massage and 
mobilization. The daily massage and active movement treatment of a 
trained masseur should be as much a part of the treatment of a fracture 
as the making of a fracture patient’s bed or the serving of his meals. 

Cases for Massage.—This form of treatment is applicable to: 

(a) Fractures with no displacement of fragments and no tendency to 
displacement. 

(6) Fractures with displacement which can be reduced by relaxing 
muscle spasm. 

(c) Fractures irreducible primarily by this treatment alone which can 
be benefited by massage preliminary to other treatment. 

1 With permission from Dr. James B. Mennell and his publishers, J. and A. Churchill, 
London, England, I have quoted freely from Massage, Its Principles and Practice. 
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(d) Fractures after operative and nonoperative treatment to hasten 
convalescence. 

In appropriate places under the treatment of each fracture a word is 
said regarding the use of massage and mobilization. Regard is always had 
for the conceptions of massage and mobilization expressed in this chapter. 
To use massage correctly it must be considered entirely as a means to an 
end, the end being restoration of function. 

Effects of Massage.—There are two effects to be expected from massage 
—treflex and mechanical. 

The reflex effect of massage is as important as the mechanical effect. 

The reflex effect is seen in the complete absence of pain following mas- 
sage to a recent fracture; the muscular relaxation is apparent, the spasm 
disappears. The transient nature of the swelling at the seat and near the 
fracture is very evident whether the stroking is performed upward or 
downward. 

The reflex arc in the child is highly sensitive and the fullest effect is thus 
secured rapidly. In the aged it is possible to cause fatigue with equal 
rapidity. Treatment, then, produces an irritative effect. In the young, 
therefore, and in the aged the duration of massage treatment should be 
curtailed. 

Massage movements exert a mechanical effect by assisting the circula- 
tion of blood, by aiding the movement of the lymph, and by stretching tis- 
sue, whether muscular, tendinous, or yellow fibrous elastic tissue. 

In the treatment of a fracture massage rarely alone suffices to restore 
function. 

As a sequel to and folllowing massage in recent fractures there must be 
treatment by mobilization which consists of the employment of passive or 
relaxed movement and active movement. 

Kinds of Movement.—Relared movement is used as a means of pre- 
paring the part for active movement, whether in the immediate or remote 
future. 

Objects of Movement.—The objectives in view in administering relaxed 
or passive movement may be summarized as follows: 

1. Joints are kept supple. 

2. The formation of pathological bands and adhesions is prevented. 

3. Repair of all normal structures, even of bone, is hastened. Any at- 
tempt at movement which is inimical to their repair is attended by pain 
and reflex antagonism to the movement. Thus passive movement is 
rendered impossible. 

4. The elasticity of the muscles is maintained. 

5. The circulation of the venous blood and of the lymph is assisted 
materially, and hence the removal of waste products of extravasation and 
of edema is hastened. 

6. The restoration of any disorganization in the vasomotor system is 
probably assisted very materially—the main factor in effecting repair of 
injured structures. 

7. The joint sense is reeducated, or its loss is prevented, as the case may 
be, and thus the main link in the reflex of coordinated movement is 
restored or maintained. 

8. The way is paved for instituting active movement. 
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Just Lucas-Championniére was during his lifetime the most eminent 
champion of the use of massage in the treatment of recent injury. All his 
writing was not to extol the use of massage, but to advocate the reduction 
of immobilization to the minimum. With this in view, and with this only, 
did he originally advocate the use of massage. He valued massage little, 
save as a means to an end, that end being mobilization. In all else massage 
for him was an unknown power. It was only in recent years that he began 
fully to appreciate how much the effects of massage can assist recovery, 
even apart from the benefit conferred by the subsequent employment of 
mobilization. The latter, soon after injury, is impossible without the aid 
of massage. None the less the treatment of recent injuries by massage is 
not what he taught; it was always treatment by massage and mobilization 
that he advocated. 

Dr. Mennell makes it very clear that it must be understood that in 
treating by massage a limb which has sustained a recent injury the mas- 
sage is applied chiefly as a means of preparing the way for mobilization. 

When to Employ Massage.—Until union is firm no form of massage is 
permissible over the injured segment of the limb, save only the gentle sur- 
face stroking. Even in performing this, the area of the fracture must be 
omitted from the stroke. It is well to begin the stroking over an area 
that is not sensitive, and gradually to extend the length of the stroke till 
the site of the fracture is approached. The stroke may then be increased 
to include the area beyond the fracture, only the actual site of imjury 
being omitted. 

Danger Signals——When union is complete there are various danger 
signals which must always be considered. Any increase in tenderness at 
the site of the fracture is an indication for the cessation of mobilization and 
should be reported immediately. It indicates irritability of the callus due 
to strain at the site of union. An increase in swelling means that treat- 
ment the previous day has been excessive. The same deduction may be 
made if movement is more restricted or if there is an increase in stiffness. 
Massage is to be continued; mobilization reduced or omitted. Sudden 
onset of pain with swelling may be due to thrombosis; it should be reported 
at once, and no treatment should be administered till further orders are 
given. The patient’s life may depend on this precaution. No one could 
be blamed for omitting treatment on the barest suspicion of this calamity; 
to overlook the symptoms is unpardonable. In addition to pain and swell- 
ing there may be a rise in temperature. The patient usually describes the 
pain as resembling cramp, and tenderness will be noted along a line in 
the long axis of the limb. If a superficial vein is implicated there will be 
redness, but probably there will be no redness if the vein lies deep. 

Great care must always be taken adequately to support the ends of the 
broken bones. It must be remembered that in using mobilization there is 
always one direction in which movement can be applied that will tend to 
displace the fragments more than movement in other directions; while it 
is usual to find that in one direction at least movement has no tendency 
to cause displacement. This movement is, of course, the first to be admin- 
istered and prescribed respectively during the performance of relaxed or 
active movement. Similarly, any movement that tends to displacement is 
postponed until union is firm. 
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Passive Movement.—The confusion which exists as to what is meant by 
passive movement has, perhaps more than anything else, tended to post- 
pone the more general adoption of the treatment of recent injury by 
mobilization. It must be realized from the outset that “passive move- 
ment” is impossible if there is any impediment to be overcome, or if the 
muscles assist or resist the movement. Also, it can only be performed when 
the joint is moved in the direction in which, during natural activity, there 
is the least possible strain on any structure surrounding it. Thus, exten- 
sion of the elbow, if performed without due respect for the carrying angle, 
lays a strain on the external lateral ligament of the point. The movement 
at once degenerates into a forced movement. To prescribe, as is so often 
done, treatment by “massage and passive movements” for a stiff joint 
would be ludicrous were it not for the great harm that such prescription 
produces. The masseur either relies on massage to effect that which it is 
impossible it should perform, or administers forced movement. In the 
latter event he may fail to discriminate between “passive” and “forced” 
movement; and, when true passive movement is required, he may do 
great damage. 

From what has been said it will be evident that true passive movement 
can only find a very small place in physical treatment. So, too, does, or 
should, massage. But just as massage is frequently prescribed or given 
when voluntary effort on the part of the patient is the only thing that 
can cure him, so “passive” movement may also be given. Massage, used 
properly, in the right way at the right time, is one of the most valuable 
of physical remedies. Used in the wrong way at the wrong time it is never 
merely useless, but actively detrimental, mentally and physically. The 
same may be said of passive movement, though the harm done is never 
serious if the laws governing its administration are respected. Rather is 
it detrimental in so far as it can replace beneficial treatment in the form of 
active movement, and hence can retard recovery. 

But though the place of passive movement in treatment may be small, 
it is one of the greatest possible importance in all cases of recent injury. 
It is, in short, the only prophylactic measure we possess by which we can 
reduce subsequent stiffness, rapid loss of power, and loss of the joint and 
muscle sense. One example alone will suffice. After fracture through the 
shaft of the humerus it may be impossible for the patient to move the 
elbow unaided for two or three weeks. Absolute fixation of the joint is 
the worst possible treatment it could receive, especially if there is any 
traumatic arthritis present as the result of the accident. The triceps and 
brachialis anticus also are bound, in greater or less degree, to be matted 
firmly to the site of fracture. So firm may their adherence become that 
movement of sufficient strength to free them would tend severely to dam- 
age the union. Early mobilization, on the other hand, by pure “relaxed” 
movement may well have restored almost complete movement after a 
similar lapse of time. 

In short, the aim of passive movement is to secure movement whenever 
active motion is, for any cause, impossible. This is its only justification; 
and, if there can be secured to the patient the benefits enumerated above 
during the whole or even part of the time that active movement must be 
withheld—at the one time of all others, be it noted, that these benefits 
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are of the greatest value—then in passive movement we have a remedy 
that may be truly described as invaluable. Forced movement at the right 
time and place is of great service. Intelligent use of passive movement 
often reduces to a negligible extent the condition for which forced move- 
ment is required. There can be no possible excuse for substituting the one 
for the other in treatment, for between them lies another agency—potency 
for great good—unassisted active movement. 

Voluntary Movement.—There is one maneuver which can often find a 
place in treatment, but which cannot be classed under the heading of 
“movement.” It consists of teaching the patient to contract certain 
muscles, or groups of muscles, voluntarily without moving any joint as a 
result of the contraction. For example, the quadriceps can be exercised 
freely even though the knee joint is firmly fixed; the deltoid can be made 
to contract without movement of the shoulder joint. There are two 
requisites, a little tact and patience on the part of the masseur and perse- 
verance on the part of the patient, if full benefit is to be reaped. Few 
things are more injurious to muscular strength than absolute rest; it is 
surprising how a very little exercise will maintain it. Even in the absence 
of joint movement the performance of the natural function of a muscle— 
alternate contraction and relaxation—will often suffice, if not to prevent 
wasting, at least to minimize it and to maintain its vitality. It will also 
help to maintain intact the muscle sense on which coordinated movement 
will subsequently rely. 

Active movement may be divided into the following groups: 

1. Free movement. 

2. Assistive movement. 

3. Resistive movement. 

Treatment has aimed at restoring by massage any disturbance of cir- 
culation, and thereby has assisted the repair of all injured structures. 
Massage has rendered movement possible, and so has prevented the for- 
mation of adhesions, without interfering with repair of the injured tissues. 
The repair of tissue has been aided owing to the restoration of efficient 
circulation. In addition, the movement may in itself have helped to 
counteract the reflex set up by inimical stimuli. 

A Warning Word.—Dr. Mennell very properly calls attention to an 
important matter in what follows: 

Before leaving the subject of fractures it is necessary to utter a word 
of warning. Not every masseur is a fit person to be entrusted with the 
responsibility of treating a recent injury. If fracture is present, only those 
who have received special teaching and training in the art should be asked 
to deal with it, and, even then, great care and discrimination are called for 
in selecting a masseur for a difficult case. Experience alone is inadequate 
in the absence of the necessary skill and temperament. To hand over a 
case of recent fracture to a masseur merely because he happens to be 
proficient in other branches of his work is to court disaster. The respon- 
sibility for failure belongs to the medical man who selected the masseur, so 
it is the duty of the physician to be sure that the masseur is qualified—by 
training, experience, skill, and temperament—for his highly specialized and 
very responsible duty. For the treatment of recent injury is an art apart. 
Under no circumstances can the medical man shift his responsibility for the 
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position in which the fragments unite. If the result in this respect is 
faulty, he alone is to blame, as it was his duty to watch the position and 
correct errors while there was yet opportunity. 

For a complete exposition of the subject of “massage” the surgeon is 
advised to consult Dr. Mennell’s valuable book from which the above 
abstracts have been taken. 


CHAPTER XI 


THE HEALING OF FRACTURES 


PART I. THE HEALING OF FRACTURES IN HEALTH 


Granvitte A. Bennerr, M. D., ann Watrer Bauer, M. D. 


Introduction—Every physician who proposes to treat fractures should 
be aware of certain fundamental facts pertaining to the development, 
growth, metabolism and repair of bone in both health and disease. Even 
though our information concerning the anatomy and physiology of bone 
is incomplete, a thorough acquaintance with the known facts will enable 
one to answer some of the many questions which arise on any fracture 
service. 

BONE DEVELOPMENT AND GROWTH 


In the young embryo, a long bone is represented by avascular cartilage 
which develops from the original scleroblastema tissue. Early in its 
development an embryonic long bone assumes the same general shape as 
the future adult bone. Such embryonic long bones are surrounded by a 
cellular membrane of embryonic connective tissue cells, the perichondrium 
or primitive periosteum. They increase in size by multiplication of the 
individual cartilage cells and by proliferation of the perichondrial cells. 
In certain of these bones (the femur), an ossification center appears as 
early as the forty-second day of fetal life (Mall). This ossification center 
or bone formation begins subperiosteally in the middle of the diaphysis by 
direct transformation of the perichondrial cells into osteoblasts. These cells 
deposit osteoid matrix producing a thin shell of bone around the periphery 
of the shaft. This cellular activity is accompanied by the ingrowth of 
capillaries from the periosteum into the central cartilage mass where 
morphological signs of degeneration of the cartilage cells are already 
apparent. The capsules of these degenerating cartilage cells open and the 
enclosed spaces are invaded by capillary loops which are accompanied by 
connective tissue cells (osteoblasts) from the periosteum. Bone matrix is 
deposited on the preexisting spicules of cartilage matrix and thus ossifica- 
tion spreads longitudinally into the shaft (diaphysis). A coalescence of 
certain groups of spaces previously occupied by hypertrophied cartilage 
cells leads to the formation of the primary marrow cavity. From this 
time on, ossification proceeds toward each end of the cartilaginous bone 
eventually resulting in an ossified shaft (the diaphysis). The cartilag- 
inous ends of the shaft, the epiphyses, remain. From this point on, the 
shaft imcreases rapidly in length, whereas the cartilaginous epiphysis 
gradually widens but changes very little in length. Such evidence forces 
one to conclude that longitudinal growth takes place in the region of the 
junction of the bony diaphysis and the proximal portion of the cartilag- 
inous epiphysis. That such is the case was very clearly demonstrated by 
Hunter. This region of bone growth is later reduced to a narrow disk of 
cartilage, the epiphyseal plate. 
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Late in fetal life, the first ossification centers appear in certain car- 
tilaginous epiphyses, the others appearing in early childhood. The ex- 
panding growth of these centers of ossification gradually transforms the 
cartilaginous epiphyses into rigid bony structures. It is thought that such 
centers of ossification appear because of the stresses and strains to which 
the epiphyses are subjected. For some years after the ossification of an 
epiphysis there remains this layer of cartilage (epiphyseal plate) between 
the bone diaphysis and the epiphysis. This zone of cartilage enables the 
growth of the shaft to continue even though ossification of the epiphysis 
has taken place. The diaphysis gradually increases in width because of 
the continued subperiosteal and endosteal bone formation (Fig. 176). 
The bony epiphyses continue to grow very slowly but do not contribute 
materially to the length of a bone. Throughout early life the epiphyseal 





Fig. 176—A photomicrograph (X 250) showing active subperiosteal new bone formation 
in the femur of an infant. The most recently formed osteoid matrix may be seen as lightly 
stained osteoid seams (A) beneath the rows of osteoblasts (B). 


plate is moving further and further from any fixed point on the shaft. The 
epiphysis is continually retreating before the advance of the blood vessels 
of the bone marrow. Microscopically, one notes that this region consists 
of a series of parallel columns of cartilage cells. That the distal end of 
each column is the growing end is clearly demonstrated by the presence 
of mitotic figures within cells and by the relatively smaller amounts of 
intercellular substance which have formed. As one approaches the deeper 
(diaphyseal) end of each column, one sees unmistakable evidence of degen- 
erative changes within the cartilage cells. The size of each cell is increased, 
the cytoplasm is swollen and vacuolated, and the nucleus is pyknotic or 
absent. Further microscopic examination demonstrates that the thin 
capsules between these hypertrophied cells are opened and that the en- 
closed spaces are being invaded by sprouting capillary channels which are 
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accompanied by osteoblastic cells (Fig. 177). The intercellular substance 
that separated each column of cells now appears as a series of parallel 
trabeculae of calcified matrix. Some of these trabeculae undergo absorp- 
tion, others remain and are widened by the addition of osteoid matrix to 
their peripheral margins. In other words, normal endochondral bone 
formation is a process of constant repair to a physiological injury (Wol- 
bach). Microscopic examination further reveals that the cartilaginous 
matrix between the columns of hypertrophic cartilage cells is calcified to a 
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Fig. 177.—The cartilaginous epiphyseal end of a radius from a six-weeks-old dog. A, The 
ossification center. B, The zone where multiplication and orderly arrangement of cell columns 
take place. C, The zone where hypertrophic and degenerating cartilage cells are observed. 
D, The zone of capillary invasion. This is spoken of as the zone of provisional calcification. 
(See Fig. 178.) E, The metaphyseal end of the diaphysis. In this zone, one observes the process 
of new bone formation. Bone matrix is deposited on the remaining calcified cartilage trabeculae. 
(Photomicrograph X 143 of a hematoxylin and eosin stained section.) 


fairly constant depth (3 to 6 cartilage cells) (Fig. 178). This is the 
zone of provisional calcification. That this process of calcification is 
dependent in part on an enzyme (phosphatase) secreted by the hyper- 
trophic cartilage cells has been very adequately shown by Robison and 
others. This will be discussed subsequently in more detail. Transverse 
trabeculae are also seen. The calcified cartilage matrix soon disappears 
and bone is laid down in its place. If normal growth is seriously inter- 
fered with or arrested, as in innumerable diseases, there occurs an increase 
in the number and thickness of the transverse trabeculae in the zone of 
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ossification. These are readily recognized on pathological and roentgeno- 
logical examination. Such zones of increased bone density are spoken of 
as “lines of arrested growth” (Harris) . 

The newly formed columns of bone at the metaphyseal end of the 
diaphysis mark the weakest point of a long bone. In the majority of 
“fractures of the epiphyses” in young normal or scorbutic children, one 
will find that the fracture line passes through this zone rather than the 
cartilaginous tissue distal to the metaphyseal end of the shaft. This is 
most fortunate because severe injury to the proliferating cartilaginous tis- 
sue may be the cause of serious interference with longitudinal bone growth. 
However, “fractures of the epiphyses” will if properly set heal without 
demonstrable deformities or disturbance of growth. When dealing with 
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Fig. 178.—In this photomicrograph (X 160) is shown the diaphyseal epiphyseal junction 

from a normal tibia. The section stained by the GémGri technic shows clearly the extent of the 

calcification of the cartilage matrix between the columns of cartilage cells. It will be noted 

that the so-called “‘zone of provisional calcification” extends from 3 to 6 cells beyond the zone 
of capillary invasion. 





such fractures, one should always bear in mind the possibility that he may 
be dealing with a pathological fracture due to some underlying nutritional 
deficiency, such as scurvy. 

In the normal individual skeletal growth ceases between the ages of 
eighteen and twenty-one. Cessation of growth indicates that ossification 
of the epiphyseal cartilage plate is complete. What causes the epiphysis 
and shaft to unite and in consequence the disappearance of the epiphyseal 
plate remains unknown. However, certain observed facts concerning such 
events are known and must be appreciated by the physician treating frac- 
tures. These facts are: (1) That in most long bones one epiphysis fuses 
before the other. (2) That the first epiphyseal plate to develop a center 
of ossification is the last to fuse. (3) That the epiphyseal plate fusing 
last is responsible for the greatest growth of the shaft. (4) That the 
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epiphyseal plates allowing the greatest shaft growth are those of the knee, 
wrist and shoulder. (5) That injury to the epiphyseal plate may bring 
about premature fusion and therefore cessation of growth. Therefore in 
treating “epiphyseal fractures” one should be conscious of two facts: (1) 
That good reduction and apposition must be obtained with the slightest 
possible amount of trauma, and (2) that certain fractures in this region 
may result in sufficient injury to the epiphyseal plate to allow premature 
fusion, as a result of which cessation of growth and deformity ensue. 


ADULT BONE 


The bony skeletal or supporting framework of the body is an active 
metabolic tissue, influenced by many factors, the effects of which can be 
demonstrated by histological examination or metabolic studies. Such 
evidence will be presented below under the headings, histological and 
metabolic evidence. 

Histological Evidence.—Bone is composed of mineral salts and a highly 
specialized form of connective tissue. This highly specialized form of 
connective tissue (osseous tissue) is the result of functional specialization 
of the fibroblast. Fibroblasts, a normal cell constituent of all connective 
tissue, can under appropriate stimulation give rise to osteoblasts or chon- 
droblasts. When osseous, cartilaginous and connective tissues are closely 
associated as they are at times in bone, there is no distinct line to be seen 
between them. One can replace the other. 

The fact that any one of the three tissues comprising bone can develop 
from the same proliferating cells is of itself sufficient histological evidence 
that bone is an active metabolic structure. However, other histologic 
evidence favoring this thesis is readily obtained by careful microscopic 
examination of bone sections. These can be best presented in reviewing 
the histology of normal bone. 

That bone can be affected by humoral substances might readily be sur- 
mised because of the abundant external and internal blood supply. This 
same abundant blood supply would imply an ample source of nourishment. 
However, it must be appreciated that relatively slight injury with asso- 
ciated vascular occlusion is often sufficient to cause moderately extensive 
necrosis of bone. 

Bone tissue is enveloped in its entirety by connective tissue. Externally 
this is known as periosteum. All intra-osseous connective tissue in contact 
with bone is known as endosteum. In growing bone, the cells comprising 
the deepest layers of periosteum and endosteum are often plump, rounded 
and at times cuboidal in shape. In such instances, one notes adjacent to 
the cells a zone of osteoid tissue (Fig. 176). Because of this and other 
evidence of the intimate association of these cells with the formation of 
bone matrix they are called osteoblasts. Knowing the intimate associa- 
tion of osteoblasts with the formation of bone matrix it is not surprising to 
learn that the enzyme (phosphatase) concerned with calcification is 
secreted by osteoblasts as well as hypertrophied cartilage cells. In the 
bone of the adult or elderly individual, bone growth is minimal or absent, 
and in consequence osteoblasts are difficult to demonstrate. In fact, 
in some portions of the adult skeleton such cells may not be seen. When 
seen, they appear as greatly elongated cells lying close to bone surfaces 
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and containing flattened nuclei, differing in no way from a typical fibro- 
blast. In such instances they are designated resting osteoblasts. That 
these resting osteoblasts have not lost their osteogenic ability is readily 
demonstrated by the fact that injury to an adult bone will cause such cells 
to undergo rapidly hypertrophy, hyperplasia and multiplication. Under 
the influence of such stimulation, they resume their rdle in new bone 
formation as shown by the appearance of new lightly staining seams of 
osteoid matrix beneath and between such hypertrophied cells. It must be 
remembered that the stresses and strains to which bones are constantly 
subjected result in structural rearrangement and alteration (Fig. 179). 
In such areas one will also find osteoblasts in evidence. In other instances 
such osseous alterations may represent a response to variations in rate of 
deposition and removal of calcium and phosphorus, physiological aging, etc. 
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Fig. 179.—A photomicrograph (X 160) of subchondral cancellous bone undergoing rear- 
rangement. Bone removal and new bone formation are in evidence as shown by the increased 


activity of osteoclasts (A) and osteoblasts (B). 


In any event hypertrophy and hyperplasia of periosteal and endosteal 
cells and the accompanying deposition of new light staining osteoid tissue 
along the margins of preexisting bone are indicative of new bone formation 
(Fig. 179). Calcification of this recently deposited osteoid matrix in a few 
days is due chiefly to the activity of the enzyme, phosphatase, secreted by 
the neighboring osteoblasts. The formation of this specialized intercellular 
substance (bone matrix) constitutes the chief difference between new 
bone and other types of connective tissue. As will be seen later, it also 
represents the intercellular substance of the proliferating connective tissue 
seen throughout the granulation tissue at the site of a fracture. Its in- 
timate relation to such connective tissue derived from cells in contact 
with or near bone is further evidence that it is related to the secretory 


products of these cells. 
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Microscopic evidence of bone resorption is much more difficult to 
demonstrate. There is little doubt in the minds of most bone microscopists 
that the presence of multinucleated giant cells is of itself evidence of bone 
resorption. Their presence in sharply excavated pits and depressions 
(Howship’s lacunae) along the margins of viable or devitalized bone is 
commonly spoken of a lacunar absorption. Whether such bone destruc- 
tion is due to the direct action of the osteoclast cannot be stated with 
certainty. Some workers contend that it is. Yet others believe that 
resorption of the mineral salts is a humoral mechanism, induced by any 
number of causes, such as an increased secretion of the parathyroid or 
thyroid hormone, an acidosis, etc. Adherents to this latter theory believe 
the osteoclasts (giant cells) serve as the scavengers whose duty is the 





Fig. 180.—A photomicrograph (X 300) of a section of compact tibial bone (adult). The 
section was stained with hematoxylin and eosin. It shows the orderly arrangement of osteo- 
cytes in lacunar spaces along the vascular channels (haversian canals). A comparison of this 


photomicrograph with Fig. 181 enables one to visualize the manner in which fully developed 
bone is nourished. 


removal of the organic tissue débris which remains following the disap- 
pearance of the mineral salts. The exact origin of osteoclastic cells is 
still disputed. One school (Maximow) believes that they arise from the 
undifferentiated marrow cells, another contends that they represent for- 
eign body giant cells derived from phagocyte cells, whereas a third school 
regards them as aggregates of osteoblasts whose function is now one of 
absorption rather than deposition of calcium salts. In view of the recent 
histological and chemical evidence favoring the secretion of phosphatase 
by osteoblasts, this last theory seems highly improbable. 

Although the exact function of osteocytes or bone cells has not been 
definitely established, it would appear exceedingly likely that they are 
intimately concerned with caring for the metabolic requirements of the 
bone substance immediately adjacent to them. Their continued existence 
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is obviously dependent upon the maintaining of uninterrupted communica- 
tions with the vascular channels (Figs. 180, 181). These indirect com- 
munications are established by the formation of branching canaliculi dur- 
ing the time the bone matrix is being formed and calcified. As long as 
osteocytes remain imprisoned in small lacunar spaces within calcified bone, 
their ability to produce new bone is negligible. Further evidence that osteo- 
cytes play no significant réle in bone repair is well demonstrated in the 
case of traumatic bone lesions where because of vascular injury one observes 
necrosis of all osteocytes in the adjacent bone. However, one should bear 
in mind that it is such disturbances of nutrition rather than any peculiarity 





Fig. 181—A photomicrograph (X 300) of a section of bone similar to that shown in Fig. 
180. Such preparations are made from thin sections of undecalcified bone, stained according 
to the Gémori technic. They are then decalcified, blocked in celloidin, and sectioned. The 
black silver precipitate outlines clearly the lacunar and canalicular spaces. Tt will be noted 
that numerous canaliculi radiate from the lacunar spaces. Some of them connect with the 
blood vessel containing marrow space (haversian canal [A)). 


of the osteocyte itself which limits its ability to take part in reparative 
processes. This belief is substantiated by the study of scorbutic bone 
material (Wolbach). Here one observes that bone corpuscles freed from 
the surrounding bone matrix are capable of multiplication and growth as 
are the periosteal and endosteal cells. 
Therefore, in summary, it might be stated that connective tissue cells 
in contact with bone are not only capable of forming bone matrix, but that 
it is their normal function to do so whenever they are stimulated suf- 
ficiently to proliferate. On the other hand, bone corpuscles entrapped in 
lacunar spaces are exceedingly vulnerable and ordinarily take little part 
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in reparative processes, although they do maintain under appropriate 
circumstances the ability to function as bone-forming cells. 

Metabolic Evidence.—The many studies since the advent of physio- 
logically active parathyroid extracts have greatly increased our knowledge 
of the regulation of the mineral salts contained in bone. It is because of 
these more recent studies that one is more aware than ever before that the 
bony skeleton represents a tissue constantly undergoing metabolic changes. 
That such changes can be induced very readily by humoral substances 
has been very adequately shown by the metabolic as well as the histological 
changes which take place shortly after the administration of an active 
parathyroid gland extract. In consequence, our understanding of the basic 
concepts of calcium and phosphorus metabolism has been greatly increased. 
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Fig. 182.—A schematic drawing in which a bucket represents the bones as a system. The 
bucket is filled with blood and normally contains 9.5 to 11 mg. of calcium and 3.5 to 4.5 mg. 
of phosphorus per 100 cc. The walls of the bucket represent the bone cortex, the sediment at 
the bottom, the bony trabeculae. The state of equilibrium existing in this system in respect 
to calcium and phosphorus is dependent upon the amount entering it via the gastro-intestinal 
tract and the amount excreted via the gastro-intestinal tract and kidneys. If entrance into the 
system exceeds the loss, a positive calcium and phosphorus balance exists, whereas if the reverse 
is true, a negative calcium and phosphorus balance ensues. The loss from the system is further 
accentuated during the state of pregnancy or lactation. In such instances the placenta and 
lactating breasts serve as additional avenues of exit. 


As stated before, a bone consists of a highly specialized form of con- 
nective tissue and mineral salts. The mineral salts are present in the 
form of a complex salt called dahlite. This complex salt consists chiefly 
of calcium, phosphate and carbonate ions. It is most important to appre- 
ciate that bones represent the only storehouse of calcium and phosphorus 
in the body. As a system, they are perhaps best represented by the 
simple schematic drawing shown in Fig. 182. Here the bones are rep- 
resented by a bucket. The walls of the bucket represent the bony cortex, 
the sediment at the bottom of the bucket, the bony trabeculae. The 
bucket is filled with blood containing many substances other than cal- 
cium and inorganic phosphorus. However, the calcium and phosphorus 
are all that need concern us in this discussion. In normal individuals the 
concentration of these substances is extraordinarily constant. The serum 
calctum varies from 9.5 to 11 mg. per 100 cc. and the serum inorganic 
phosphorus from 3.5 to 4.5 mg. per 100 cc. The maintenance of this 
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relative state of constancy of serum calcium and inorganic phosphorus is 
ample evidence that the bones are labile structures. Thus, in times of 
need, calcium and phosphorus are absorbed from the bones, and in times 
of excess deposited in bones. Certain experiments suggest that the bone 
trabeculae (sediment at the bottom of the bucket) serve as the most 
readily available storehouse of calcium and phosphorus and that the cor- 
tical bone (walls of the bucket) is at first spared in the process of mobil- 
ization. Thus, it would appear that in the adult, in times of need, calcium 
and phosphorus are first absorbed from the trabeculae and in times of 
excess are again deposited in the trabeculae. As previously stated, such 
metabolic activity is readily demonstrated on histological examination of 
bones. Here, these two processes, bone absorption and bone deposition, 
are evidenced by increased cellular activity. Increased bone absorption 
is demonstrable by an increased number of osteoclasts in sharply ex- 
cavated pits or depressions and narrowing or reduction in number of 
trabeculae, whereas with increased bone deposition, one observes an in- 
crease in the number and size of osteoblastic cells and an increased amount 
of osteoid tissue. Thus the degree and type of cellular activity observed in 
the skeletal system allow one to estimate approximately what metabolic 
changes are taking place. In normal bone, the absorption and the deposi- 
tion of calcium and phosphorus go on continuously, consequently, there is 
always evidence of minimal osteoclastic and osteoblastic activity. Natu- 
rally, such cellular activity is more marked in the growing child. Whether 
the resorption and deposition of calcium and phosphorus are dependent 
solely upon the concentration of calcium and phosphorus in the blood 
cannot be answered with absolute certainty, although considerable evi- 
dence favors such a theory. Adherents of this theory reason that under- 
saturation of calcium and phosphorus in the blood, as occurs in calcium 
and phosphorus deficiency diseases, calls for a liberation of calcium and 
phosphorus from the bones in an attempt to maintain a state of constancy 
in the blood. On the other hand, in times of excess, the blood serum is 
to be regarded as a supersaturated solution of calcium and phosphorus. 
Under such conditions, the blood readily gives up its surplus and thereby 
enables deposition to take place. This state of supersaturation and conse- 
quent deposition of calcium and phosphorus is brought about in any 
portion of ossifying bone as a result of an enzyme called phosphatase. 
This enzyme is formed by the osteoblasts and hypertrophic cartilage cells 
as well as by other body tissues. This enzyme, phosphatase, is capable of 
hydrolyzing the phosphoric esters of the blood, such as glycerophosphate 
and hexosephosphate. In any ossifying area, the increased secretion of 
phosphatase allows for an increased hydrolysis of the complex phosphate 
compounds and in consequence a local increase in the concentration of the 
phosphate ions. This local increase results in a supersaturation of the 
blood with calcium and phosphate ions, the solubility product of tertiary 
calcium phosphate is exceeded, and in consequence, deposition of calcium 
and phosphorus salts in the area of ossification takes place. The normal 
value for serum phosphatase in the adult is 2 to 4 Bodansky units per 
100 ce. As one might expect, this value is higher in growing children (5 to 
13 units per 100 cc.) or in any skeletal disease in which increased osteo- 


blastic activity occurs. 
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One must next consider the many factors which influence the entrance 
and exit of calcium and phosphorus from this system because its state of 
equilibrium is dependent upon the balance between the intake and output 
of these two ions. If the intake exceeds the output, then calcium and 
phosphorus are retained and a positive balance ensues, whereas, if the 
reverse is true, a negative balance results. 

Entrance into the system is dependent upon absorption of these ele- 
ments from the gastro-intestinal tract and the amounts absorbed are in 
turn dependent upon: 

1. The composition of the diet. 

The acidity of the gastro-intestinal tract. 

The intestinal rate. 

Fat digestion and absorption. 

. Vitamin D. 

Of these various factors, the diet and vitamin D are probably the 
most important. The daily calcium requirement for an adult is between 
0.4 and 1 Gm. Probably 0.5 Gm. is adequate for the average individual. 
Equally as important as the calcium and phosphorus content of the diet 
is the proportion of the one to the other contained in the dietary, the 
normal ratio of calcium to phosphorus being 2:1. For instance, if phos- 
phorus is greatly in excess of calcium, the calcium may be precipitated in 
the bowel in the form of the relatively insoluble salt, tertiary calctum phos- 
phate, and in consequence, not be absorbed. Absorption of the remaining 
phosphorus is of no avail to the system because there is no corresponding 
amount of calcium available for deposition. In consequence, the phos- 
phorus is excreted. Under such conditions, the result would be the same 
as if the diet had been inadequate in respect to both calcium and phos- 
phorus. It is conceivable that the same state of affairs might exist if the 
calcium was greatly in excess of the phosphorus. Excess of certain mineral 
constituents may likewise be detrimental. An acid diet may favor calcium 
and phosphorus remaining in solution and thereby facilitate absorption. 
However, of all these factors, the calcium and phosphorus content and the 
ratio of calcium to phosphorus contained in the diet are the most im- 
portant. 

2. The acidity of the gastro-intestinal tract must influence the ioniza- 
tion of the calcium compounds present in the food and thereby increase 
their absorption. Unfortunately, there exist relatively little data enabling 
one to make a comparison of calcium and phosphorus absorption in indi- 
viduals with and without achlorhydria. 

3. Any condition resulting in an increased intestinal rate would not 
allow adequate time for complete absorption of the ingested calcium and 
phosphorus. Therefore, we find evidence from time to time of calcium and 
phosphorus deficiency in diseases with associated chronic diarrhea such as 
sprue, ulcerative colitis, etc. Bowel wall changes in such diseases may also 
be a factor preventing adequate absorption of these elements. 

4. Failure to absorb fat, whether due to incomplete digestion or simple 
interference with absorption, results in deficient calcium absorption. Defi- 
cient absorption in such instances is due in part to the formation of rela- 
tively insoluble, nonabsorbable calcium soaps. However, the chief factor 
is the failure to absorb the fat-soluble vitamin D, which is probably ex- 
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creted with the excess fat. In such instances, there is an adequate 
absorption of phosphorus, but as this is not accompanied by calcium, it 
cannot be used for bone deposition and therefore is excreted in the urine. 
Such alterations in calcium and phosphorus metabolism eventually result 
m calcium and phosphorus deficiency disease. In the clinic, this type of 
disorder is seen in patients with chronic idiopathic steatorrhea or Gee’s 
disease. It is probably due to a decreased or altered external pancreatic 
secretion as evidenced by either low or absent lipolytic activity in the duo- 
denal juice. 

5. Recent work with vitamin D has shown that this substance influ- 
ences calcium and phosphorus metabolism by increasing the absorption 
of calcium and phosphorus from the intestinal tract. 

If one of the above mentioned factors is at fault for an indefinite period 
of time, then absorption of calcium and phosphorus from the gastro- 
intestinal tract is interfered with, and in consequence, entrance of these 
elements into the system does not take place. Thus, the equilibrium of 
the system is upset and there results a negative calcium and phosphorus 
balance. Long duration of this type of calcium and phosphorus metabolism 
disturbance is responsible for the calcium and phosphorus deficiency dis- 
eases, rickets and osteomalacia. In either condition, the infantile type of 
tetany may develop. The blood chemistry reveals a reduction of either 
the serum calcium or the inorganic phosphorus. In the severe types, both 
are reduced. The serum phosphatase is increased, indicating increased 
osteoblastic activity in this type of calcium and phosphorus disorder. 

As can be seen from the diagram, there are four possible avenues of 
exit from this system. Under normal conditions, we need only to consider 
the loss which occurs via the gastro-intestinal tract or the kidneys. On a 
normal diet, the fecal calcium consists of both the unabsorbed dietary 
surplus and that which has been reexcreted into the bowel. The urinary 
excretion of calcium varies from 0.1 Gm. per day on a low calcium diet to 
0.5 Gm. on an adequate diet. Increased excretions by these avenues of 
exit occur in atrophy of disuse and in some cases of osteitis deformans. 
Such increases are, however, slight as compared to the increases observed 
in acidosis, hyperthyroidism and hyperparathyroidism. If the increased 
excretions exceed the intake, we have a resulting negative calcium and 
phosphorus balance. Such a state of affairs lasting for a long period of time 
will result in marked generalized decalcification. 

Acidosis, whether due to disease or induced by the administration of 
large amounts of acids or acid salts, results in the excretion of large 
amounts of calcium and phosphorus. This increased excretion is solely via 
the urine and occurs whether the diet is adequate or inadequate in respect 
to calcium. Such increased excretions are not associated with increases in 
the serum calcium or phosphorus; in fact, if the subject has been on a low 
calcium diet for a long time, the administration of large amounts of am- 
monium chloride may cause a fall in both the serum calcium and the 
inorganic phosphorus. 

Increased excretion of calcium and phosphorus far in excess of that 
resulting from acidosis or excess parathyroid extract has been observed in 
severe hyperthyroidism. In such instances, the increased excretion is via 
the gastro-intestinal tract as well as the kidneys. Such increased excre- 
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tions are observed in all types of hyperthyroidism as well as normal indi- 
viduals receiving thyroid extract. With the institution of appropriate 
treatment for the hyperthyroidism, the excretions return toward normal 
as the patient improves. With controlled roentgenograms, one can demon- 
strate marked generalized decalcification in many patients with exoph- 
thalmic goiter. This generalized decalcification is evidently due to 
osteoclastic lacunar absorption. Therefore, attention should be paid to the 
diet in this disease. The reverse situation is demonstrable in myxedema, 
the average calcium and phosphorus excretion being 40 per cent below 
normal. Administration of thyroid to such patients results in an increase 
of both the metabolism and the excretion of calcium and phosphorus. 
Such studies would seem to indicate that thyroxin has a direct effect on 
bone catabolism. In neither hyperthyroidism nor myxedema is the serum 
calcium or serum phosphorus altered. Such findings demonstrate quite 
clearly that the height of the stream is no indication of its direction of 
flow into or out of the bones. 

That the parathyroid hormone causes an increased excretion of calcium 
and phosphorus and in consequence generalized decalcification has been 
demonstrated by many observers. However, the exact mode of action is 
still the subject of some dispute. The dispute concerns whether the in- 
creased cellular activity of bone is a primary or a secondary effect. Collip 
and coworkers, working with rats, consider the appearance of large numbers 
of osteoclasts as the first reaction and therefore suggest that the hormone 
acts directly on the bone cells, stimulating them to release calcium and 
phosphorus. Albright et al., from observations on humans, interpret the 
bone changes and resulting increased calcium and phosphorus excretion 
as secondary to the primary effect on phosphorus excretion. Thus, when 
parathormone is administered, the first metabolic changes are a rise in 
the urinary phosphorus excretion and a fall in the serum inorganic phos- 
phorus. When parathormone is discontinued, the converse is true. This 
implies that the extra phosphorus is drawn from the body fluids. In such 
instances the changes in the rate of calcium excretion and in the height of 
the serum calcium are more sluggish and lag behind the phosphorus 
changes. 

Because of this drop in the serum inorganic phosphorus, the equilibrium 
in our system is disturbed. In an attempt to maintain its normal state of 
constancy, the bones try to release phosphorus, but in doing so must also 
release the calcium deposited with it. In consequence, the serum calcium 
rises, the uriary calcium excretion is increased, and the low phosphorus 
and increased phosphorus excretion continue. At this point, one observes 
evidence of increased cellular activity in the bone. 

With large doses of parathormone, Collip produced a state of hypercal- 
cemia in dogs (20+ mg. per 100 cc.). Once the serum calcium rises above 
15 mg. per cent, the inorganic phosphorus of the serum rises abruptly and 
continuously until death ensues. When this stage is reached, there is 
evidence of failing kidney function as shown by the rising nonprotein 
nitrogen and urea as well as suppression of urinary secretion. With this 
grade of hypercalcemia, associated metastatic calcification of the kidneys, 
heart, lungs and stomach readily occurs. Such complications may occa- 
sionally occur in the clinic in severe hyperparathyroidism or following the 
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administration of excessive doses of an active parathyroid gland extract. 
This should be borne in mind when employing this potent extract. 

From the above-mentioned metabolic studies, it is most apparent that 
a bone represents an active metabolic tissue. What bearing these facts 
may or may not have on the healing of fractures in health and disease, 
delayed healing, or nonunion of fractures will be pointed out subsequently. 


THE REPAIR OF BONE FRACTURES 


A fracture represents any break in the continuity of bone. Such frac- 
tures serve as excellent material for the study of bone repair. 

Simultaneously with the occurrence of a fracture the soft tissues within 
and around bone are injured. The periosteum is torn or stripped from the 





Figs. 183 and 184.—A roentgenogram and a gross photograph of an eight-day-old simple 
transverse fracture through the middle third of a dog’s tibia (age eighteen weeks). Moderate 
hemorrhage and fibrinous exudation have occurred between the well aligned tibial fragments. 


outer surface of the cortex, the endosteum is detached from the surfaces 
of the internal bone spaces and the marrow tissue is disrupted. Blood 
vessels and capillaries in all the adjacent soft tissues as well as within the 
intra-osseous vascular channels are injured or disrupted. Such an injury 
results in the production of an area of inflammation characterized by ex- 
travasation of blood, edema, and inflammatory cell infiltration. Fibrin is 
formed between the ends of the fractured bone and in the adjacent soft 
tissues. The injured fragments are thus cemented and in addition a loose- 
meshed, fibrinous framework allows for the ingrowth of granulation tissue. 
In a fracture the detachment and displacement of the periosteum are 
greater at the point of fracture than they are at more distant levels. Thus, 
the area of inflammation, hemorrhage and exudation assumes, at an early 


2 THE HEALING OF FRACTURES 


stage, a fusiform shape which is usually maintained throughout the process 
of healing (Fig. 188). 





Figs. 185 and 186.—The roentgenographic and gross appearance of a three-weeks-old trans- 
verse fracture through the tibia and fibula of an adult dog. The periosteum has been torn 
from the cortex of both the tibia and fibula. The early fusiform callus is well shown in the 


roentgenogram. 





Fig. 187.—A photomicrograph (X 8) of a fractured rib (an eighty-year-old woman). The 
fracture is united by abundant external and considerable internal callus, chiefly cartilaginous. 
That resorption of the original cortex is taking place is shown by the extensive enlargement of 
the intra-osseous vascular spaces. 


Within two or three days, one can detect evidences of bone necrosis. 
Early, this is evidenced by the finding of empty lacunar spaces in the bone 
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tissue adjacent to the fracture line. Similar changes are present in any of 
the completely detached bone fragments encountered. Macroscopic or 
roentgenological examination at a later date reveals marked alterations 
because of the fact that the bone necrosis is found to involve relatively 





Fig. 188.—The gross appearance of an old, well-healed tibial fracture. The bone is fusiform 
at the old fracture site. The abundant internal callus has obliterated the marrow cavity at this 
point. (Specimen from the Warren Museum, Harvard Medical School.) 


large areas (legend, Fig. 189). The rate of resorption of such devitalized 
bone is extremely variable. Such variations are demonstrable microscop- 
ically by many osteoclasts and marked lacunar absorption or few osteo- 
clasts and very slight lacunar absorption. While it would appear that 





Fig. 189.—The gross appearance of old, malposed tibial and fibular fractures. The large 
fragments of projecting necrotic bone are easily seen. The degree of bone repair and destruction 
allows one to surmise infection was present. (Specimen from the Warren Museum, Harvard 


Medical School.) 


such bone resorption is chiefly the function of osteoclasts, one has no way 
of proving that other processes (humoral) are not involved. 

The inflammatory and regressive changes thus far described are ac- 
companied almost from the beginning by alterations in the fixed tissue 
cells. These tissue cell alterations represent the earliest stages of repair. 
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The fibrin clot between the ends of the fractured bone undergoes organiza- 
tion by means of an ingrowth of granulation tissue (Fig. 190). This con- 
sists of proliferating connective tissue cells accompanied by tubular sprouts 
of budding capillary endothelium. One further notes that numerous in- 
flammatory cells, chiefly polymorphonuclear leukocytes, and large mono- 
nuclear phagocytes. are present during the early stages of repair. Such 
cells are apparently engaged in phagocytizing necrotic cells and débris. 
Later the large mononuclear phagocytes greatly outnumber the polymor- 
phonuclear leukocytes. Lymphocytes and plasma cells may be present. 
Up to this point, one is unable to detect any appreciable difference between 
the repair of a fracture and the healing processes involved in the case of 
an aseptic soft tissue wound. In each instance, delicate collagen fibrils 
are deposited between the proliferating connective tissue cells. However, 
in the case of a fractured bone, such fibrillar ground substance is soon ob- 





Fig. 190.—A twenty-two-day-old transverse fracture through the middle of the femur of 
a young dog (age four and one-half months). There is marked angular deformity. Note the 
organization of the fibrin clot between the fracture ends. Considerable subperiosteal (external) 
callus has already formed. 


scured by the deposition of a lightly staining (eosin dye), homogeneous 
hyaline substance (osseomucin) (Fig. 191). The appearance of this spe- 
cialized intercellular matrix constitutes the first demonstrable evidence of 
bone formation. 

During this early period of fracture healing, one can observe the process 
by which intramembranous bone formation takes place. While new and 
indistinct bars of a homogeneous osteoid matrix are being deposited be- 
tween the proliferating cells, one notes changes taking place in the con- 
nective tissue cells themselves. Certain of these elongated or branching 
fibroblastic appearing cells assume new shapes and become rearranged. 
They now appear as round or cuboidal shaped cells. They then align 
themselves in solid rows along one border of each new bar of recently 
formed matrix and appear to aid in the deposition of additional osseo- 
mucin to that recently formed (Figs. 192, 193, 194). The morphological 
characteristics and obvious activity of these cells enable one to recognize 
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Fig. 191.—This photomicrograph (XX 250) illustrates the formation of osteoid matrix in 
granulation tissue. The cells responsible for such bone formation are indistinguishable from 
fibroblasts. This type of bone formation is similar to that observed in intramembranous bone 
formation. (This section was taken from a tibial fracture occurring in a young child.) 





Fig. 192.—A photomicrograph (X 250) illustrating subperiosteal bone formation. New 
subperiosteal osteoid columns have appeared in the granulation tissue. (This section was taken 
from a nine-day-old fractured femur [rabbit].) 


them as osteoblasts. Further microscopic observation demonstrates that 
certain of these cells eventually become surrounded by their own secre- 
tions, the intercellular substance and thus becomes osteocytes. Such cells 
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within lacunar spaces remain even though the bone spicule continues to 
grow. However, they are never completely cut off from the growing 
peripheral margins of the trabeculae because each cell develops cytoplasmic 
processes which maintain communication with similar processes of other 
cells. Thus are formed the delicate tortuous channels (canaliculi) of the 
bone matrix (Figs. 180, 181). The cytoplasmic processes probably do not 
remain within these canaliculi, once the bone is fully formed and calcified. 
However, these canaliculi between lacunar spaces serve as the pathways 
by which metabolites are exchanged from blood to bone cells in fully de- 
veloped osseous tissue. 

During this same period, interesting cell alterations are taking place 
in the areas where injury has been less severe. In such regions, one ob- 





Fig. 193.—A photomicrograph (X 250) showing the subperiosteal callus in a fourteen-day- 
old experimental fracture, similar to the one shown in Fig. 189. One notes that the bone matrix 
has increased greatly during this seven-day period. The osteoclastic bone resorption responsible 
for the rearrangement of any fracture callus is very evident. 


serves that the periosteal cells and to a lesser extent the endosteal cells 
are actively proliferating. Mitotic figures are frequently seen and may be 
quite numerous. As early as the third or fourth day, one notes that the 
marked periosteal cell proliferation has resulted in marked periosteal thick- 
ening. One further observes that considerable deposition of a hyaline inter- 
cellular substance has taken place between the proliferating cells. Such 
proliferative activity may be avascular or at best accompanied by very 
slight growth of capillary endothelium. The intercellular matrix continues 
to increase in the deeper cell layers as cellular proliferation continues near 
the surface. A few days later, one can detect distinct bars of osteoid 
matrix. These rapidly become pyramidal shaped trabeculae, the bases of 
which unite with the original cortical bone. During the time such repara- 
tive changes are taking place, the endosteal cells are also active. New 
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seams of osteoid matrix are deposited on the preexisting trabeculae as a 
result of the proliferation of endosteal osteoblasts. In addition, large num- 
bers of new trabeculae are usually produced within the marrow spaces. 
This is accomplished by ossification of granulation tissue in a manner iden- 
tical with that observed in the external callus. At times the amount of 
internal callus thus produced may be sufficient to obliterate the medullary 
cavity of a long bone in the vicinity of a fracture site (Figs. 188, 189). 
In most specimens of fracture repair, one is able to demonstrate scat- 
tered areas of recognizable cartilage throughout the callus (Figs. 187, 196, 





Fig. 194.—This photomicrograph ( 250) shows the subperiosteal callus in a twenty-one- 
day-old experimental fracture. A comparison of this photomicrograph with Figs. 190 and 191 
reveals that this more mature callus is becoming firmly anchored to the surface of the original 
cortex where excavations along vascular channels have been made. (Section obtained from a 
fractured femur [rabbit].) 


197, 198). In the early stages this tissue consists of a structureless mass 
of large spherical cells separated by homogeneous light-staining cartilag- 
inous matrix. Later a more orderly arrangement of such cells takes place 
and, in consequence, one observes clusters of cartilage cells within lacunar 
spaces or arranged in imperfectly formed columns. When such a degree 
of cellular differentiation has been attained, the cartilage matrix is usually 
abundant and, like the matrix in the deepest layer of the epiphyseal cartil- 
age plate, has a strong affinity for basic dyes. The cartilage cells in such 
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areas undergo the same morphological changes (vacuolization of the cyto- 
plasm and pyknosis of the nuclei) that one observes in the deepest layers of 
the growing epiphyseal plate in endochondral ossification. These changes 
in cells and intercellular substance of the cartilaginous portions of the callus 
are subsequently followed by capillary invasion, degeneration of cartilage 
cells and calcification of the matrix. The osteoblasts accompanying the in- 
growing blood capillaries aid in the deposition of osteoid matrix and in the 
formation of new osteoid trabeculae. It will be noted that this process, 
although less regular in formation, is very similar to normal endochondral 





Fig. 195.—Abundant subperiosteal callus has formed (upper third of photo) in this tibial 
fracture (young child). The osteoid matrix has been deposited in bars between the extremely 


numerous blood vessels of the granulation tissue. New bone formation has occurred in the 
granulation tissue of the intermediate callus (left lower corner). Photomicrograph (X 22). 


ossification occurring in the epiphyseal ends of growing bones (Fig. 177). 
A satisfactory explanation of the appearance of cartilage in bone repair 
is not readily apparent. The fact that it occurs in larger amounts in frac- 
tures where complete immobilization is difficult (such as fractures of the 
ribs or clavicles) suggests that repeated stretching and twisting of the 
yielding callus may determine in part the character and amount of the 
intercellular substance produced by the proliferating cells. Furthermore, 
the callus of a well reduced fracture contains the smallest amount of car- 
tilage. More cartilage is observed in the subperiosteal portions or external 
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callus than in either the intermediate or internal portions. While it is true 
that the cartilaginous tissue is observed only in relatively avascular areas, 
one cannot state definitely that the avascularity of itself has any causal 
relationship. It is much more likely that the recently formed cartilage 
remains avascular because avascularity is one of the outstanding peculiar- 
ities of normal cartilage. 

The cartilaginous tissue formed in a fracture callus may remain for 
months but is ultimately removed. The sequential changes by which this 
is brought about have not been clearly defined although microscopic ap- 
pearances suggest that small islands of cartilage may be converted directly 
into bone by direct transformation of cartilage cells into bone-forming cells 





Fig. 196.—A gross photograph showing an impacted intratrochanteric fracture of the femur 
(an elderly woman). This six-week-old fracture shows evidence of early healing. Microscopic 
examination revealed a cartilaginous fibrous tissue callus. 


and osteocytes with subsequent ossification of the matrix. Such meta- 
plasia would not be expected to take place in any but small vascular areas 
because, in the development of normal epiphyses, calcification takes place 
only slightly in advance of the invading marrow capillaries (Fig. 178). 
Further evidence favoring such a view is the fact that one frequently finds 
small islands of cartilage surrounded by bone, which merges gradually 
into the cartilaginous center which has as yet not ossified. The larger 
cartilaginous masses are probably replaced by bone in a manner similar 
in its essential features to normal endochondral ossification. 

After reading the above, one might ask: “Which is more important 
to the healing of a fracture, the osteogenic cells or the mineral salts?” One 
can justly answer that, without both, complete repair of the fracture is 
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Fig. 197.—A higher power photomicrograph (X 17) of one portion of the fracture illus- 
trated in Fig. 187. The cartilaginous character of the external and internal callus is easily 
demonstrated. (See arrows.) 





Fig. 198.—Cartilaginous tissue in the external (subperiosteal) callus which is being replaced by 
bone in its deeper layers. Photomicrograph (X 250). 
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impossible. They are almost inseparable. Without calcification, there 
would result a fibrous or fibrocartilaginous union. Invasion of the clot by 
the actively proliferating connective tissue cells is one of the first things to 
take place. Many of these same proliferating cells are subsequently ob- 
served to take on all the morphological characteristics of osteoblasts and 
are intimately associated with the formation of osteoid tissue and its sub- 
sequent calcification. As previously stated, the osteoblasts are responsible 
for the secretion of the enzyme, phosphatase. That this same enzyme is 
very necessary to the process of calcification has been adequately demon- 
strated by Robison and others. By breaking down the more complex phos- 
phate compounds, there results a local increase of phosphate ions and in 
consequence a supersaturation of the blood with calcium and phosphate 
ions. Once the solubility product of tertiary calcium phosphate is ex- 
ceeded, calcium and phosphorus are precipitated out in the bone matrix 
and calcification takes place. The fact that one observes such a marked 
increase in the above-mentioned proliferating cells which may go on to 
osteoblasts allows one to wonder whether there is not an excess of phos- 
phatase at the site of the fracture. No such phosphatase determinations 
of callus tissue have been made. However, Bodansky has reported an 
elevation of the serum phosphatase in 4 fracture cases. In 1 case, the 
phosphatase was high twenty-three days after the fracture. Three sub- 
sequent analyses done during the next three weeks on the serum from this 
same individual showed a regular decline of the serum phosphatase. Such 
indirect evidence suggests that there may well be an increase in phos- 
phatase content of callus tissue. 

Where do the calcium and phosphorus necessary for calcification come 
from? As stated before, decalcification of the fracture fragments does 
occur very early. Such liberated salts are probably available for the 
process of calcification. In addition calcium and phosphorus are being 
continuously supplied to the fracture area via filtration of the tissue fluid 
from the neighboring capillaries. 

Under normal conditions, all things being equal and the fracture having 
been reduced with good apposition, healing with ultimate calcification will 
take place in a very orderly manner. If extensive vascular occlusion was 
present or had occurred at the time of the fracture, healing would be 
seriously interfered with. The forcing of a high calcium, high phosphorus 
diet, vitamin D, etc., will accomplish very little in hastening fracture 
union in the individual with normal serum calcium and phosphorus values 
because, as stated before, when dealing with a normal individual, the in- 
creased absorption of calcium and phosphorus from the gastro-intestinal 
tract is automatically cared for by an increased urinary excretion of these 
same ions with little or no change in the total calcium and phosphorus 
balance. It must also be apparent that the administration of an active 
parathyroid extract is not only unnecessary but also contraindicated in 
the treatment of any patient with a fracture. Therefore, under normal 
conditions a fracture failing to heal normally probably signifies poor appo- 
sition, interposition of tissue, improper immobilization, early weight-bear- 
ing, loss of clot (in case of a compound fracture), infection, vascular im- 
pairment, etc. These are discussed below. 
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DELAYED AND NONUNION IN FRACTURES 


If the healing process in any given fracture is not complete within a 
certain average period of time, it is spoken of as delayed union. Since the 
period of time necessary for bony union to take place varies considerably 
and is dependent upon many factors, it must be granted that the term 
is at best a very indefinite one. Successive examinations of a fracture in 
which union is delayed will usually reveal that progressive reparative 
changes have taken place from the very first. Delayed union is to be 
distinguished from nonunion. In the latter, the reparative changes are 
at best very feeble and show little or no evidenee of orderly progressive 
changes. In certain instances, it is possible to conclude at a very early 





Figs. 199 and 200.—The roentgenographic and macroscopic appearance of a poorly aligned, 
ununited femoral fracture (dog). 


period that nonunion exists, whereas in other instances, months may pass 
before a diagnosis of delayed union is made. 

The problem presented to the fracture surgeon by delayed and non- 
union in fractures should not be one of treatment but rather one of pre- 
vention. After one has excluded such obvious factors as malposition, inter- 
posed tissue, massive death of tissue, failure of clot to form (because of 
loss of blood as in compound fractures) it becomes apparent that prac- 
tically all conditions of etiological importance in delayed union may also 
be responsible for nonunion. 

As previously stated, the union of a fracture is dependent upon the 
fibrin clot being transformed into granulation tissue by the ingrowth of 
capillary buds and fibroblasts. Such tissue may arise from the periosteum, 
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endosteum, vessels and surrounding soft tissues. Murray believes that he 
has demonstrated experimentally that under certain conditions most of 
this tissue comes from the soft parts surrounding bone. In any case, 
fractures through bones with limited periosteum and surrounding soft 
parts are frequently the site of delayed union and nonunion. The scaphoid 
of the carpus, the head of the radius and the neck of the femur may be 
cited as examples. The junction of the middle and lower third of the tibia 
is a site where there is adequate periosteum but small amounts of ad- 
jacent tissue. In this region the inner aspect of the bone is covered by 
little more than skin; the other two surfaces are covered chiefly by ten- 
dinous structures and slender muscle bellies. Observation of healing of a 
fracture in this region reveals formation of callus on the posterior surfaces 





Fig. 201.—Gross photograph (X 3) of a section through the lateral tibial condyle of a man 
sixty-five years of age, showing a ten-day-old comminuted intra-articular fracture. Micro- 
scopic examination revealed active new bone formation (callus) along the entire line of fracture. 
The arrow indicates where the photomicrograph of higher magnification was taken (Fig. 202). 


and very minimal or no callus on the bare anterior surface. In such in- 
stances, scant accessory circulation from the soft parts may also be a 
factor. However, in such fractures as well as those at the junction of the 
middle and lower third of the humerus, there is an added factor. In these 
two instances there is a disproportionate amount of dense cortical bone 
as compared with cancellous bone. Such a state of affairs allows for a very 
limited amount of granulation tissue from the fracture ends which may 
result in delayed union despite the existence of satisfactory subperiosteal 
callus formation. One should not forget the fact that several of these sites 
where bone repair is delayed also represent areas in which it is difficult 
to immobilize completely the parts, once perfect alignment has been at- 
tained. Certainly this is an additional factor in the case of fractures of 
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the neck of the femur where complete immobilization is impossible unless 
a Smith-Petersen 3-flange nail or similar type of operative procedure is 
employed. The escape of synovial fluid into the fracture defect has been 
cited as a deterrent to tissue growth. Knowing that most normal joints 
rarely contain more than 2 or 3 cc. of synovial fluid, one might well ques- 
tion whether this slight increase of fluid at the fracture site would create 
a sufficiently fluid medium to inhibit cell growth. In 1 autopsied case, 
the authors have observed satisfactory bone repair in the presence of 
synovial fluid. In this instance the fracture extended. through the lateral 
tibial condyle into the knee joint (Figs. 201 and 202). Furthermore, cer- 
tain observations made in connection with studies pertaining to the ability 
of articular cartilage to repair itself also allow us to challenge this state- 
ment. The most regularly occurring repair of articular cartilage takes place 





when such defects extend into subchondral bone, yet such defects are con- 
stantly bathed with synovial fluid. 

Once union of the fracture with granulation tissue has resulted, one 
must be absolutely certain that adequate immobilization is maintained, 
otherwise growth of the granulation tissue may be seriously interfered with. 
The interposed granulation tissue is readily torn or destroyed by any 
twisting, sliding or stretching motion. Furthermore, it is highly probable 
that the character of the intercellular substance is largely dependent upon 
the mechanical stresses and strains to which the granulation tissue is sub- 
jected. Evidence in favor of this view is readily observed in fractures 
where any considerable degree of motion has been permitted. In such 
instances, one notes increased amounts of cartilaginous and collagenous 
matrix between the proliferating cells. In this same connection, it should 
be remembered that one of the requisites to healing of soft tissue wounds 
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by primary intention is accurate approximation and restraining of motion 
during the early stages of healing. This being the case in soft tissue re- 
pair, it would seem reasonable to conclude that similar approximation and 
immobilization are even more important in the case of fracture healing. 
Good apposition also allows for a smaller defect to be filled with granula- 
tion tissue and less motion of the fragments and in consequence less chance 
for delayed or nonunion. 
Infection is another factor favoring delayed and nonunion. In most 
instances, infection is the result of contamination (compound fractures) . 
The infection destroys fibrin and growing cells. It also produces suppura- 
tion and necrosis of bone (Fig. 189) and the surrounding soft parts. 
Extensive injury to the blood supply of a bone is often considered a 
factor in delayed fracture healing. Fractures in the middle third of any 
given long bone may interrupt in part or totally the circulation via the 





Figs. 203 and 204.—Nonunion with marked osteoporosis and resorption of the femoral 
neck is illustrated by this roentgenogram and gross photograph of a two-and-a-half-year-old 
fracture of the neck of the femur. (Seventy-year-old man.) 


nutrient artery. Such vascular interference might be a factor in fracture 
healing but certainly rarely, if ever, is it the sole cause of nonunion because 
of the extensive accessory circulation derived from periosteum and _ soft 
parts. In certain regions of the skeleton, particularly the neck of the 
femur, it is very likely that interruption of circulation contributes greatly 
to the all too frequently observed delayed or nonunion of such fractures 
as well as the absorption of the femoral neck (Figs. 203, 204). However, 
an accurate evaluation of the importance of vascular injury in this region 
must await more complete anatomical vascular studies. 

Certain of the better known deficiency states can play a role in de- 
layed or nonunion of fractures. For instance, in scurvy where the fun- 
damental defect is the inability of cells to form intercellular substance, 
fracture healing will be delayed or fail to occur until an adequate amount 
of ascorbic acid is administered (Figs. 205, 206). In rickets and osteo- 
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malacia, callus formation takes place readily but will not become properly 
calcified until the deficiency state is corrected. ; 

Inadequate osteoid tissue formation is the most obvious abnormality 
observed in delayed union of fractures. If the formation of osteoid matrix 
does not take place shortly after granulation tissue has formed, one notes 
the signs of maturity appearing in such granulation tissue. These are in- 
creasing amounts of fibrous connective tissue and disappearance of blood 
vessels. The connective tissue cells lay down increasing amounts of col- 
lagen. This subsequently contracts and has all the characteristics of adult 
fibrous connective tissue. In such instances, new bone formation may 
cease at any time or osteoid tissue may continue to form slowly with suf- 
ficient subsequent calcification to make stable union possible. Occasion- 
ally callus resorption occurs. If this is very great, the end-result is union 
of the two bony ends by dense avascular fibrous tissue. 

It is in the treatment of such cases of delayed or nonunion that bone 
grafting is employed most frequently. Although many controversial the- 
ories have been advanced concerning the ultimate fate of the implanted 
bone, the role of its various cellular elements and its effectiveness as a 
therapeutic measure, certain conclusions are warranted. The operative 
trauma necessary for inserting a bone graft gives rise to a fresh source of 
granulation tissue which may result in callus formation. Certain types of 
grafts lend stability to the fracture fragments during the early periods 
of repair. Even though the graft promptly becomes devitalized, it often 
provides a rigid framework through which granulation tissue may grow and 
eventually ossify. Such a process is known as creeping substitution. 
Furthermore, the added bone fragments may serve as a source of locally 
available calcium and phosphorus. The recent studies of Haldeman and 
others indicate that the survival of the graft and bone union depend for 
the most part on the presence of periosteum in the bone graft. 

The exact reason for newly formed granulation tissue failing to calcify 
or calcifying at a slower average rate than normal is as yet not fully es- 
tablished. It is undoubtedly due to some abnormality at the fracture site 
and not to a fundamental disturbance of calcium and phosphorus metab- 
olism because such examples of delayed or nonunion of fractures occur 
in individuals with a normal calcium and phosphorus metabolism. The 
calcium and phosphorus necessary for such calcification are available from 
two sources: (1) the decalcifying bone fragments and (2) the blood via 
the tissue fluids. Therefore, in the normal individual, there is always avail- 
able an adequate amount of calcium and phosphorus for the calcification 
of the callus and yet calcification may fail to take place or take place very 
slowly. In a situation of this sort do the phosphatase-forming cells fail 
to function normally? If such is not the case, can it be that maximal 
activity of this enzyme does not take place because of the tissue not hav- 
ing the required optimal pH? If such were the case, little or no pre- 
cipitation of calcium and phosphorus would take place. These questions 
cannot be answered. Murray believes that if the pH of the tissues at the 
fracture site during the first few days is optimum for decalcification of the 
bone ends, sufficient calcium and phosphorus will be available for the cal- 
cification of the granulation tissue and that such calcification will proceed 
normally, providing the pH of the tissue changes sufficiently within the 
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next few days to reach the optimum required for the precipitation out of 
calcium and phosphorus. He further believes such pH changes are de- 
pendent upon the circulatory status of the parts involved. Again we are 
dealing with theory and not facts and therefore no conclusions are justified. 

In conclusion it can be said that disturbances of normal calcium and 
phosphorus metabolism cannot be held responsible for delayed or nonunion 
of fractures. The only exceptions to this rule are in rickets and osteo- 
malacia. In these diseases, callus formation proceeds normally, but cal- 
cification is sometimes impaired until the deficiency state is corrected. 
From the above, it must be apparent that a high calcium-high vitamin 
diet, large doses of vitamin D and calcium salts are of no value in the 
treatment of delayed or nonunion of fractures. 


PART II. THE HEALING OF FRACTURES IN DISEASE 


Watrter Bauer, M. D., anp Granvitte A. Bennett, M. D. 


Introduction.—In order to present adequately the factors involved in 
the healing of fractures in the various bone diseases, it would seem best 
first to describe briefly each bone disease, in order that the underlying 
physiological and histological abnormalities may be presented. Such de- 
scriptions have been given in most instances in some detail, in the hope 
that the surgeon treating fractures will thereby gain a more detailed knowl- 
edge of such diseases. This we believe is most necessary because of the 
fact that he is the one who is responsible for the treatment of patients 
with fractures. It will be noted below that although skeletal alterations 
are in some instances quite marked, the ability of such fractures to repair 
is not necessarily abnormal or delayed. The reasons for such situations 
will be explained. 

HYPERPARATHYROIDISM 


Not until 1926 was the first clinical diagnosis of hyperparathyroidism 
made. Since then it has been established that this disease syndrome is not 
a rarity. Because the fracture surgeon stands a chance of being the first 
physician to encounter about one third of the patients with hyperpara- 
thyroidism, this relatively new disease is described in some detail with the 
hope that many more of these patients will be recognized sufficiently early 
to allow for appropriate surgical treatment and thus the prevention of 
permanent skeletal and renal changes. 

The first 2 cases reported represented the classical form of hyperpara- 
thyroidism originally described by von Recklinghausen. This form of 
hyperparathyroidism should offer no diagnostic difficulties. It represents 
the end-stages of hyperparathyroidism of long duration. Untreated, it is 
a progressive disease, which is usually fatal. Such cases are characterized 
by skeletal, renal, gastro-intestinal and constitutional symptoms. The 
metabolic alterations are hypercalcemia, hypophosphatemia, elevated se- 
rum phosphatase, hypercalcinuria and hyperphosphaturia. The skeletal 
symptoms and changes are obvious, being manifested by pain, bone 
tumors, bone cysts, frequent fractures, disabling deformities, loss of height, 
etc. These are the telltale marks of the classical form of hyperpara- 
thyroidism or von Recklinghausen’s disease of the bone. Appropriate 
treatment at this stage of the disease will not permit complete restitution 
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of the patient to a normal status because the skeletal changes are too 
marked and renal impairment too often present. Therefore, it should be 
our aim to make the diagnosis of hyperparathyroidism before such com- 
plications or terminal conditions have occurred. In order to do this, one 
must acquaint himself with the varied nature of the presenting symptoms 
encountered in the other forms of hyperparathyroidism. Then and only 
then will one be in a position to make the correct diagnosis as well as 
appreciate the fact that the most characteristic symptom may be closely 
simulated by other skeletal diseases. 

Etiology.—The clinical entity, hyperparathyroidism, may be due to a 
hyperfunctioning adenoma of one parathyroid (neoplasia) or generalized 
hyperplasia of all the parathyroid glands. The localized tumor (adenoma 
or neoplasia) may involve a part of a gland, a single gland, or rarely parts 
of two glands. Hyperplasia is characterized by diffuse uniform involve- 
ment of all the glandular tissue. Such hyperplasia may represent the 
wasser helle or water-clear cell type and, occasionally, the chief cell type. 

Functional Hyperplasia—In speaking of hyperplasia of the parathy- 
roid glands, one must appreciate that such can occur without any evidence 
of hyperparathyroidism. This type is known as functional or compen- 
satory hyperplasia and may occur in long-standing calcium privation, 
rickets, osteomalacia, pregnancy and nephritis. In such instances, hyper- 
plasia occurs because of the need for the hormone to maintain a normal 
serum calcium level, whereas, in hyperparathyroidism due to generalized 
hyperplasia of all parathyroid glands, there seems to exist some factor 
which drives all parathyroid tissue to produce more hormone than is 
needed and, in consequence, osteitis fibrosa results. This type of hyper- 
parathyroidism is analogous to the hyperthyroidism of exophthalmic 
goiter. Albright suggests that this type of hyperparathyroidism may re- 
sult from an increased secretion of the parathyreotropic hormone of the 
pituitary. The experimental work of Hertz and Kranes and a review of 
the pathological findings in certain reported cases lend support to such 
a theory. The 3 cases of hyperparathyroidism due to hyperplasia of the 
parathyroid glands observed in this clinic were all marked cases exhibiting 
a hypercalcemia and hypophosphatemia responding to operative treatment. 
They all had renal calculi (hyperparathyroidism with nephrolithiasis) . 
The parathyroid hyperplasia in these 3 cases was of the water-clear cell 
type. 

Calewwm and Phosphorus Metabolism Changes—The resulting in- 
creased production of the parathyroid hormone in either instance produces 
the same characteristic changes in the calcium and phosphorus metab- 
olism observed in a normal individual receiving an active parathyroid ex- 
tract. Such alterations consist of: 

1. An elevated serum calcium.t Values as high as 15 mg. per 100 cc. 
are not uncommon; values as high as 23.6 mg. per 100 cc. have been re- 
ported. Any serum calcium value of 11 mg. per 100 cc. or over should 
be regarded as suspicious and therefore repeated. 


1 All blood for serum analyses should be obtained fasting. Chemically clean syringes 
and centrifuge tubes must be employed. The serum calcium is done according to the Fiske 
and Logan method, the serum phosphorus as described by Fiske and Subba Row, and the 
serum phosphatase after the method of Bodansky. 
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2. A low serum phosphorus. Values as low as 1.5 mg. per 100 cc. have 
been observed. A serum phosphorus of 3 mg. per 100 cc. or lower, accom- 
panied by an increased serum calcium, is almost always indicative of 
hyperparathyroidism because of the rarity of this combination in other 
diseases. The high serum calcium of multiple myeloma or metastatic 
malignancy is usually accompanied by a high serum phosphorus. The one 
exception to a high serum calcium, low serum phosphorus in hyperpara- 
thyroidism is observed in cases where, because of renal impairment, the 
serum phosphorus is elevated. 

3. An elevated serum phosphatase. This is demonstrable in all pa- 
tients with hyperparathyroidism with detectable bone disease. As stated 
before, its serum level is directly related to the extent of the bone disease, 
particularly to the degree of osteoblastic activity and independent of the 
degree of hyperparathyroidism. Therefore, in individuals with hyperpara- 
thyroidism without detectable bone disease, it is normal. 

4, An increased calcium excretion. In an uncomplicated case, the in- 
creased calcium excretion is entirely urinary, the fecal excretion being un- 
affected. The calcium excretion may be increased three- or fourfold. 
In individuals with renal impairment, part of the increased excretion 
is fecal. 

5. An increased phosphorus excretion. This is also entirely urinary. 
In the complicated cases, the urinary phosphorus excretion may not be 
affected. 

Pathology.—The bones, being the only storehouse of calcium and phos- 
phorus in the body, are in consequence the source of the increased excre- 
tion of these elements. Unless the intake is equal to or in excess of the 
excretions, generalized decalcification will result. Being a disease of endo- 
crine origin, hyperparathyroidism must exert its fundamental action, de- 
mineralization, on the entire skeleton. As Jaffe states, an increase in the 
osteoclasts is the first histological evidence of the increased calcium and 
phosphorus excretion, the other bone changes occurring later. 

However, the most pronounced degree of change and transformation is 
observed in the long, tubular bones; then come the spine, sacrum, pelvis, 
skull, jaw bones and the flat bones of the thorax. The short, tubular 
bones, phalanges and tarsal bones show the least transformation. When 
a long tubular bone is examined, one may find evidence of recent or healed 
fractures which may have produced gross bone deformity. The transverse 
diameter is apt to be increased at one or more points. The periosteum is 
usually thin. The medullary cavity may be filled with grayish-white 
fibrous tissue interspersed with finely reticulated bone. Single or multiloc- 
ular cysts may be present, often extending to the periosteum. In and 
between such cysts, one may find evidence of recent or old hemorrhage. 
In other areas, the brown tumors of von Recklinghausen (osteoclastoma) 
may be seen. 

The vertebral column may be deformed showing marked scoliosis or 
kyphosis. Because of the marked decalcification of the vertebral bodies, 
the elastic intervertebral disks expand, assuming an elliptical shape with 
resultant reduction of the superior-inferior diameter of many of the ver- 
tebrae, the fishbone type vertebrae. Such changes account in part for 
the loss of height observed in the advanced cases. 
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Other gross skeletal changes may be present in the thoracic cage, the 
pelvis and cranium. The ribs are often atrophic, fractured, or irregularly 
shaped, thus producing a misshapen thoracic cage. The pelvis can become 
asymmetrical and reduced in size. The bone deformities are a late man- 
ifestation with the exception of the spine. The bones of the skull may be 
atrophic and pliable, in other instances sufficiently thickened to suggest 
Paget’s disease. The bones under these conditions can be cut easily with 
a knife. The increased fibrosis, cortical thinning, brown tumors or cysts 
may be demonstrable in any of the bony structures.’ ‘The fractures usu- 
ally occur at the site of a tumor or cyst. 

On histological examination, one observes an increase of osteoclasts 
during any active phase of absorption, on the surfaces of haversian canals, 
trabeculae and Howship’s lacunae. The tendency to resorption far ex- 
ceeds new bone formation, which appears in the connective tissue. This 
increased osteoclastic activity is the special histological feature in hyper- 
parathyroidism, the osteoblasts associated with new bone formation always 
being less pronounced than the osteoclasts. Both these cells are derived 
from the reticular cells of the bone marrow. The connective tissue increase 
and marrow fibrosis are observed in areas adjacent to bone. It represents 
a proliferation of the endosteal cells of the marrow and is probably the 
source of the osteoclasts and osteoblasts. In such fibrous foci, giant cells 
and considerable extravasated blood may be present. 

The replacement of considerable bone marrow with fibrous tissue will 
occasionally lead to sufficient decrease in the hemopoietic elements to cause 
an anemia and leukopenia. A bone may be extensively involved and yet 
show no brown tumors; if present, they vary in size and number. They 
appear as nests of cellular fibrous tissue containing large number of giant 
cells and blood pigment. These giant cells are identical with osteoclasts 
and therefore such a cell nest is often called an osteoclastoma. The brown 
color of such tumors is evidently dependent on hemorrhage. There is also 
considerable variability among the cysts. They may be entirely absent 
or very numerous. They may be microscopic in size or recognizable grossly. 
In the latter instance, if numerous, the bone gives the appearance of ex- 
tensive cystic degeneration. They may be unilocular or multilocular, of 
sufficient size to expand the shaft of the bone and be the underlying cause 
of a fracture. Their possible mode of origi may vary. They may begin 
as a result of edema and degeneration of the fibrous tissue; such spaces may 
enlarge or fuse. Cysts may also result from degeneration occurring within 
the giant cell tumor areas. 

From the above description, it is apparent that the skeletal changes 
of hyperparathyroidism are dependent on the activity of the hyperfunc- 
tioning parathyroid gland or glands as well as the duration of such hyper- 
activity. Other factors influencing the degree of skeletal change are the 
age of the patient, the calcium intake, pregnancies and the existence of 
other disease states. Thus a young adult who has always been on a high 
calcium intake may have hyperparathyroidism of short duration and yet 
show minimal or no bone changes on w-ray. If an elderly individual 
with osteoporosis develops the disease, the bone changes may be marked 
even though the degree of hyperparathyroidism is mild and of short 
duration. 
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Therefore, in hyperparathyroidism the bone changes may not be dem- 
onstrable without microscopic examination or one may encounter such 
marked bone changes (generalized osteitis fibrosa cystica) that the diag- 
nosis 1s obvious on superficial inspection of the patient. It is probable 
that the degree of bone involvement is an index of the duration of the 
disease and not its severity. 

Renal Calculii—The hypercalcinuria and hyperphosphaturia of hyper- 
parathyroidism are often responsible for the formation of renal calculi. 
The formation of such calculi will depend on the amount of calcium and 
phosphorus excreted in the urine, the fluid intake, the alkalinity of the 
urme and the degree of polyuria. Thus the presenting symptom in an 
individual with severe hyperparathyroidism of short duration may be renal 
colic. In such instances the bones may be normal by z-ray. Thus hyper- 
parathyroidism should be suspected in any patient with urinary stones. If 
this is done with regularity more patients will be so diagnosed before 
skeletal changes have occurred. This and the other types of renal com- 
plications encountered in hyperparathyroidism have been studied in detail 
by Albright. 

Classification of Types of Hyperparathyroidism.—Therefore, depend- 
ing upon whether the skeletal or renal pathology predominates and the 
degree of change present in either system, it is possible to describe several 
different types of hyperparathyroidism. Such a classification of clinical 
types is given in the hope that every practitioner will appreciate that the 
other forms of hyperparathyroidism are not rarities but conditions which 
he will not infrequently meet. 

Clinical Types.—1l. Classical Hyperparathyroidism (von Reckling- 
hausen’s Disease or Generalized Osteitis Fibrosa Cystica) —The skeletal 
signs and symptoms predominate and consist of pain, frequent fractures, 
bone deformities, cysts, tumors and generalized decalcification. 

2. Osteoporotic Form of Hyperparathyroidism—tThis type is indis- 
tinguishable from the osteoporosis of osteomalacia, hyperthyroidism, in- 
activity or senile osteoporosis, except by means of the chemical or path- 
ological laboratory. In such cases complete metabolic studies may be 
necessary to rule hyperparathyroidism in or out. 

3. Hyperparathyroidism with Nephrolithiasis—The presenting symp- 
tom may be renal colic. Skeletal changes may be absent, minimal or 
maximal. 

Symptomatology and Physical Findings.—There is no one symptom 
which is diagnostic of hyperparathyroidism. Because of its insidious onset 
and extremely varied symptomatology, its existence often is not suspected 
and it is therefore incorrectly diagnosed. Such patients are in consequence 
called hypochondriacal, neurasthenic, or incorrectly labeled rheumatism, 
arthritis, neuritis, bone tumor, flat feet, etc. Many of their complaints 
being referable to the skeletal system, diagnostic w-rays may give the first 
clue, although they are also very often incorrectly interpreted as osteo- 
malacia, osteoporosis, enchondroma, solitary cyst, renal rickets, sarcoma, 
etc. Many of the symptoms disappear immediately after operation on the 
parathyroids. Following operation, the patient is much more conscious of 
the previously existing vague symptoms. 

Although no one symptom is characteristic of the disease, a thorough 
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appreciation of the symptomatology will allow one to suspect it often and 
occasionally to make the correct diagnosis. The symptoms can be divided 
into 3 groups. Those due to: 

1. The hypercalcemia. 

2. The skeletal changes. 

3. The increased excretion of calcium and phosphorus. 

Symptoms Due to Hypercalcemia——The symptoms referable to the 
gastro-intestinal tract as well as those of a more general nature fall in 
this group. Those referable to the gastro-intestinal tract are anorexia, 
nausea, vomiting, pain and constipation. Anorexia and constipation are 
common and may be the presenting symptoms. Intractable nausea and 
vomiting are occasionally present. Lassitude, weakness, easy fatigability 
and weight loss may be the only symptoms early in the disease. Hypo- 
tonia is common and probably is the cause of some of the skeletal symp- 
toms. This may involve the joint structures as well as the muscles. The 
hyperextensibility and hyperflexibility may be sufficiently great to allow 
the patient to do contortionist tricks. The hypercalcemia also causes de- 
creased excitability of the nerves, but such determinations are neither 
practical nor necessary. 

Symptoms Due to Skeletal Involvement—From what has been said 
before, it must be apparent that the symptoms falling in this group are 
dependent on the severity of the case, its duration, etc. Therefore, one 
may encounter patients with no bone symptoms; in others the latter repre- 
sent the major complaint, such as spontaneous fractures, bone pain, bone 
tenderness, bone tumor, kyphosis, loss of height, waddling gait or limp. 
The tumors of the jaw in such instances are usually not recognized as a 
manifestation of hyperparathyroidism. 

Symptoms Related to the Hypercalcinuria and Hyperphosphaturia— 
Polyuria and polydipsia are usually present and may be so marked as to 
suggest diabetes insipidus. The large quantities of water necessary for 
the increased excretion of calcium and phosphorus are responsible for the 
polyuria. This fluid loss is compensated for by an increased thirst and 
subsequent increased fluid intake. Nocturia may be a distressing feature 
of the polyuria. Enuresis is occasionally present. Painful urination may 
be caused by the passage of gravel or a small stone. Renal colic or some 
other manifestation of urinary calculi may be the first and only symptom. 
In such instances, no bone changes may be demonstrable by a-ray. Ten 
patients, m a series of 25 proved cases, were discovered at the Massachu- 
setts General Hospital as a result of doing routine serum calcium and 
phosphorus determinations on all patients with urinary calculi. Only 5 
of the 25 cases had bone disease without renal disease. Therefore, we are 
of the belief that the nephrolithiasis type of hyperparathyroidism may in 
the future be the commonest type to be recognized. 

x-Rays—The roentgenologist will have no difficulty in making the 
diagnosis, with marked generalized osteoporosis, cysts, tumors, fractures, 
‘bone deformities and a granular, mottled appearance of the skull. How- 
ever, one must remember that von Recklinghausen’s disease is rare and 
not representative of the commoner types of hyperparathyroidism. As 
previously stated, skeletal changes may not be demonstrable by z-rays. 
The presence of cysts, bone tumors, fractures or deformities is not suf- 
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ficient for an a-ray diagnosis. Being a metabolic disease, hyperparathy- 
roidism must exert its fundamental action, demineralization, on the entire 
skeleton. Therefore, if generalized decalcification is not associated with 
such cysts, tumors, etc., one is forced to conclude that he is dealing with 
a localized disease. From the pathologic description it is obvious that 
w-ray findings are not pathognomonic except in the classical form. The 
bones may show no demonstrable change; again, a generalized decalcifica- 
tion indistinguishable from that observed in osteomalacia, senile osteo- 
porosis, multiple myeloma or pituitary basophilism may be the only 
demonstrable deviation from the normal. In such instances, lateral roent- 
genograms may disclose the biconcave vertebral bodies (fishbone verte- 
brae). They are merely an expression of the bone softening present and 
are seen in other diseases with associated generalized decalcification. Cysts 
may be entirely absent, numerous, vary considerably in size, or be present 
in only one or two bones such as the metacarpals. There may be expan- 
sion of the overlying bone. In long-standing cases, there is marked loss 
of substance in the terminal phalanges. The loss of supporting structure 
results in clubbing of the fingers. Tumors may occur in any portion of 
the skeleton but are more common at the ends of the long bones or in the 
ribs and jaws. Absence of the cortical bone of the tooth socket (lamina 
dura) may suggest the diagnosis but is only a manifestation of general- 
ized decalcification. The miliary mottled and granular appearance is most 
commonly observed in the flat bones, particularly the skull. This appear- 
ance is due to newly formed, closely set trabeculae which have replaced 
the original bones. However, the roentgen appearance of the skull is vari- 
able; in some instances it is thickened, the thickening being generalized or 
irregular. 

Therefore, unless advanced bone resorption and numerous newly formed 
trabeculae are present, the granular, mottled appearance is not demon- 
strable. In long-standing cases, the long bones may be practically free of 
trabeculae, the cortex extremely thin, and the shadow cast has a very 
light, homogeneous appearance. In such cases, the bone cysts, tumors, 
fractures, bone deformities, etc., will probably be present. In a rare case, 
generalized decalcification may be associated with a lesion or lesions char- 
acteristic of Paget’s disease. Whether this is anything more than a coin- 
cidence cannot be stated definitely at this time. Thus it is obvious that 
w-rays taken for other reasons may give the first clue to the existence of 
the disease. 

Differential Diagnosis—From the above, it must be apparent that 
hyperparathyroidism is a distinct disease entity which may mimic several 
other diseases. Conversely, many diseases may mimic hyperparathyroid- 
ism. Therefore, one must appreciate the other causes of the varied symp- 
tomatology observed in hyperparathyroidism. It is easy to understand 
why other bone diseases may be misdiagnosed hyperparathyroidism. Once 
the diagnosis is suspected, its confirmation or exclusion is dependent on 
the chemical or pathological laboratory. In most instances determination 
of the calcium and phosphorus content of the serum suffices; occasionally 
complete metabolism studies are necessary, rarely a bone biopsy. In the 
mild borderline case (the osteoporotic type), one may be required to 
resort to all available diagnostic measures. In very rare instances, such 
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observations may have to be repeated at some subsequent date in order to 
rule hyperparathyroidism in or out. Early confirmation or exclusion of 
hyperparathyroidism is necessary if we are to prevent the marked skeletal 
changes and complications of long-standing hyperparathyroidism from 
occurring. Certainly one is not justified in advising exploration of the 
parathyroid glands because of the existence of demonstrable skeletal 
changes until he has obtained confirmatory evidence from the chemical or 
pathological laboratory that such skeletal changes are due to hyperac- 
tivity of the parathyroid glands. For this and other reasons we cannot 
sanction parathyroidectomy in patients suffering from arthritis, osteitis 
deformans and other unrelated diseases, as advocated by certain workers. 
The skeletal diseases most often confused with hyperparathyroidism will 
be discussed below in relation to the occurrence of fractures and fracture 
healing and therefore will not be discussed at this time. 

Treatment.—Medical.—This falls under two headings, roentgen ther- 
apy and dietary treatment. No beneficial metabolic or clinical results have 
been observed in this clinic in the treatment of hyperparathyroidism with 
roentgen rays. The cases so treated thus far have all been due to para- 
thyroid adenomas. Whether one would experience the same results in 
cases due to generalized hyperplasia is unknown, Unfortunately, we have 
no way of differentiating these two types of hyperparathyroidism without 
exploration of the parathyroid glands. One can prevent decalcification as 
well as demonstrate skeletal improvement with a high calcium, a high phos- 
phorus, or a high calcium-high phosphorus diet. However, such treatment 
increases the danger of renal complications and is therefore contraindicated. 

Surgical—The surgical treatment of hyperparathyroidism has been 
very thoroughly discussed by Churchill, Cope, and Walton. It is unusual to 
be able to demonstrate a palpable parathyroid gland on physical examina- 
tion. This is due to the fact that they lie deep in the neck or mediastinum 
and the ability of soft parathyroid tissue to mold itself to conform to the 
surrounding structures. 

Once a diagnosis of hyperparathyroidism has been made, there is no 
way of determining prior to operation whether it is due to a lone adenoma 
or hyperplasia of all parathyroid glands. In the case of a large para- 
thyroid tumor, the roentgenologist may be able to locate the tumor. 
Therefore, such preoperative studies should be made in all cases. x-Rays 
of the upper mediastinum may demonstrate a calcified encapsulated tumor 
or a displaced trachea. A substernal goiter occasionally may be mis- 
leading. The tumor may lie in close proximity to the esophagus. There- 
fore, anterior and lateral fluoroscopy during the administration of thick 
barium may be of help. 

The chief operative difficulty is locating the parathyroid tumor. The 
surgeon must know the normal and aberrant positions of the parathyroid 
glands. He must realize that they may be encountered anywhere from 
the pharynx to the mediastinum, although none has been found above 
the upper poles of the thyroid. They are often in contact with the upper 
or lower poles of the thyroid. However, they have been located in the an- 
terior and posterior mediastinum, behind the esophagus and trachea and 
in the thyroid sulcus. Parathyroid tumors have been recorded as buried 
in the thyroid gland. 


TREATMENT 195 


The first surgical exploration of the neck offers the best chance of 
finding the parathyroid adenoma. The scar tissue of a previous operation 
greatly increases the difficulties. Meticulous hemostasis is essential as 
staining of tissue with blood may make the recognition of parathyroid 
tissue impossible. Therefore, Churchill advises the ligation of even the 
smallest vessels before sectioning, the most careful handling of all tissues 
and sharp dissection because the slightest trauma to a parathyroid gland 
and the resulting hematoma may completely mask its identity. Further- 
more, such trauma or interference with the vascular supply of the normal 
glands enhances the possibility of postoperative tetany. 

Parathyroid glands have a characteristic reddish-brown color and 
smooth surface. They are most often confused with lymph or hemolymph 
nodes, lobules of thyroid tissue and fetal fat. With experience the para- 
thyroid glands can be identified with great accuracy because of their shape, 
color and tiny vascular pedicle. Given a marked degree of hyperpara- 
thyroidism one can expect to find a sizable tumor. The smallest gland 
encountered in this clinic was one measuring 1 x 0.5 x 0.5 cm. The pa- 
tient had the osteoporotic type of hyperparathyroidism of minimal degree. 
A small amount of normal parathyroid tissue was still demonstrable at 
the periphery of the gland. Such tumor tissue is probably no more potent 
per gram of tissue than is normal parathyroid gland tissue. Therefore, 
one need not stop to examine each minute body of tissue encountered. 
Furthermore, when operating on a patient with an unequivocal diagnosis 
of hyperparathyroidism, the removal of normal parathyroid tissue is ab- 
solutely contraindicated because no beneficial results will ensue and the 
danger of postoperative tetany is greatly enhanced when the tumor is 
removed at a subsequent operation. The removal of a lobe of the thyroid 
is not justified until a careful block dissection of the neck and palpation 
of the mediastinum have been made. If no tumor is found after such 
thorough exploration, the diagnosis must be rechecked by repeating the 
metabolic studies and by performing a bone biopsy. The latter can be 
made at the conclusion of the first exploration. If all data are still con- 
sistent with the diagnosis of hyperparathyroidism, exploration of the 
mediastinum by section of the sternum is indicated. In the 1 case in 
which this operation was performed, the tumor was found lying just below 
the left innominate vein. The patient had had 6 previous operations in 
an attempt to find the tumor. Thus, with some knowledge of the pos- 
sible locations of the parathyroids and patience, the surgeon will usually 
be able to identify all of the parathyroid glands. Such an extensive search 
is not indicated unless one is dealing with hyperparathyroidism due to 
generalized hyperplasia and not an adenoma. 

In order to establish which type of hyperparathyroidism one is deal- 
ing with as well as the extent of neck exploration necessary, the pathol- 
ogist should be present at the time of the operation. He can determine 
by means of a frozen section from a biopsy specimen whether he has dis- 
closed parathyroid tissue. If he has, he can further tell whether it is 
normal, hyperplastic or representative of an adenoma. If it is normal, 
one can exclude a diagnosis of osteitis fibrosa due to general hyperplasia 
of the parathyroids. If it is hyperplastic, the surgeon should continue his 
search until all parathyroid glands have been identified. If an adenoma is 
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disclosed, one can usually assume’ that it represents the causative agent, 
although occasionally two exist. 

In the patient with adenoma of one parathyroid gland, one is tempted 
to remove it in toto. In this clinic such is done providing one or more 
normal parathyroid glands have not been removed at some previous op- 
eration. If such is the case, a subtotal resection is done in order not to 
run the risk of producing the serious complication of permanent hypo- 
parathyroidism. a 

The postoperative tetany following the removal of a parathyroid tumor 
may be dangerous. The most severe tetany we have observed has occurred 
in patients with the most extensive decalcification. In one such instance 
where the remaining parathyroids were presumably intact and had not 
been disturbed at operation, very serious tetany ensued following the re- 
moval of the parathyroid tumor. In such cases we believe the tetany 
results because of too rapid deposition of calcium and phosphorus in the 
previously depleted bones and not because of atrophy of disuse of the 
other parathyroid glands. Therefore, in such cases one should never at- 
tempt more than a subtotal resection of the tumor. If this is done, severe 
tetany of months’ duration will be avoided. If the surgeon chooses to do 
a subtotal resection, he should leave behind, with a good blood supply, a 
piece of tumor considerably larger than a normal gland. Its location 
should be clearly marked by a silver wire suture. If there is a recurrence 
of hyperparathyroidism, removal of the remainder of the gland should 
offer no difficulty. 

The treatment of generalized hyperplasia of all parathyroids cannot be 
stated definitely at this time. It is obvious that total surgical removal 
is contraindicated. The surgeon must make every effort to see all para- 
thyroid tissue in order to know exactly what is being removed and what 
is being left behind. To date, it has been the practice in this clinic to 
remove approximately three quarters of the total parathyroid tissue iden- 
tified. Following this simple rule has given satisfactory results to date in 
the 3 cases so treated in this clinic. It is better to err on the safe side 
than to induce a chronic parathyroprivic state. Residual tissue with a 
good blood supply left in position some distance from the recurrent laryn- 
geal nerve will be readily accessible if a secondary operation is indicated. 

Postoperative Course.—Metabolic Changes——Following parathyroidec- 
tomy for either type of hyperparathyroidism, metabolic changes are dem- 
onstrable in a few hours. The serum calcium falls extremely rapidly, as 
much as 4 to 5 mg. in twelve hours. The phosphorus may fall slightly 
and is slow to rise to its normal value. The plasma phosphatase if elevated 
may take weeks or months to return to its usual normal level. A marked 
decrease in the excretion of calcium and phosphorus occurs very promptly 
(hours). Some patients become practically anuric. The urinary excretion 
of calcium and phosphorus may occasionally remain subnormal for a period 
of months. 

Tetany.—Tetany may develop at as high a serum calcium level as 8 
mg. per 100 cc. The tetany may appear very suddenly and is often severe. 
Mental symptoms may appear early and are most disturbing to the pa- 
tient. In such instances the patient is unreasonable, extremely irritable, 
apprehensive of impending disaster, and occasionally disoriented. The 
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sudden fall in the serum calcium may cause visual disturbances. The 
other Symptoms may include various types of paresthesiae, muscle cramps 
and pains, carpopedal spasm, laryngismus, convulsions and loss of con- 
sciousness. If the tetany becomes chronic, one may observe falling of the 
hair, increased thickness and scaliness of the skin and marked nail changes 
with associated brittleness. In such instances cataracts will develop. Their 
early detection is aided by slit-lamp examination of the lens. One can 
elicit Chvostek’s and Trousseau’s signs and increased excitability of the 
nerves (Erb’s sign). Blood examination reveals a low serum calcium and 
later a high serum phosphorus. In certain of the cases with postoperative 
tetany, it was obvious from chemical and metabolic studies that the tetany 
was secondary to the rapid deposition of the calcium and phosphorus in 
the markedly decalcified bones and not to parathyroid deficiency. In such 
instances, both the serum calcium and phosphorus were low for a period 
of weeks or months. 

Treatment of Tetany.—In the treatment of parathyroid tetany, one 
attempts to maintain the serum calcium near its normal level. If this is 
accomplished, the phosphorus falls and all signs and symptoms of tetany 
disappear. This can usually be accomplished by the administration of 
adequate amounts of the calcium salts and cod liver oil or one of the 
potent vitamin D concentrates. Restriction of the dietary phosphorus in- 
take to about 1 Gm. per day enables one to maintain a high calcium, low 
phosphorus intake and thereby insures the absorption of larger amounts 
of calcium unaccompanied by phosphorus. This allows for elevation of 
the serum calcium to take place without any appreciable rise in the serum 
phosphorus. 

The amount of calcium salt administered and the number of times per 
day it is given are far more important than the particular salt employed. 
From the above, it is apparent that calcium phosphate should be avoided. 
One can employ calcium lactate in doses of 5 to 10 Gm., dissolved in water, 
four to six times a day, depending upon the severity of the tetany. We 
prefer calcium chloride because it contains more calcium per gram of salt 
and because it tends to produce a slight acidosis which in itself is beneficial. 
We prescribe % to 1 drachm of a 45 per cent solution of calcium chloride 
in a glass of water, four to eight times a day, depending upon the severity 
of the tetany. This should be taken through a glass drinking tube. Cod 
liver oil (or its equivalent in the form of one of the concentrated prepara- 
tions) in doses of 8 to 15 cc. three times a day is sufficient to facilitate 
maximal absorption of the administered calcium salt. As the tetany im- 
proves, the amount of calcium salt and cod liver oil administered can be 
reduced. 

Thyroid administered to patients with parathyroid tetany results in 
an increase in the serum calcium. Unfortunately, it cannot be used alone 
because the amount necessary to raise the serum calcium to a tetany-free 
level produces mild symptoms of hyperthyroidism. However, smaller doses 
in conjunction with the previously mentioned therapy may be employed. 

Parathyroid extract (Hanson or Collip) is as a rule used only as an 
emergency measure because of the dangers of overdosage and the possi- 
bility of loss of effectiveness when used over a long period of time. Fur- 
thermore, parathormone injections are associated with considerable dis- 
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comfort. Parathormone is also fairly expensive. In the rare case where 
it is a necessary aid, it should be given in doses of 5 to 10 units, once or 
twice a day. It should be discontinued as soon as possible. 

During the acute distressing period at the onset of severe parathyroid 
tetany, more drastic measures may be necessary. If so, one can employ 
either parathormone intramuscularly or calcium chloride intravenously. 
If parathormone is used, it should be given in doses of 25 to 50 units every 
twelve hours. Prompt relief of laryngeal spasm, bronchial spasm or con- 
vulsions is obtained following the administration of 20 cc. of a 5 per cent 
solution of calcium chloride. If given slowly, there are no untoward 
symptoms. It can be repeated three or four times in any twenty-four- 
hour period. In such cases, energetic administration of a calcium salt by 
mouth should be started as soon as the patient’s condition has improved. 

Symptomatic Involvement.—Following operation, the improvement in 
symptomatology is soon noted and at times is most dramatic. The bone 
pain may be one of the first symptoms to disappear despite the fact that 
increased radiability of the bones may be present for months. Recalcifica- 
tion of the skeleton in certain instances has required months. The bone 
tumors (osteoclastoma) gradually disappear, the bone cysts remaining. 
Thus postoperatively, if a previously described lesion disappears, one can 
infer that it was a tumor, whereas if it persists it is likely that it was a 
cyst. We doubt if the calcium deposits in the kidney (nephrocalcinosis) 
are ever reabsorbed. The improvement in general health is so marked 
that patients frequently state that they have not felt so well in years. 
Thus, disappearance of all symptoms, whether referable to the skeleton, 
the hypercalcemia, or the increased excretion of calcium and phosphorus, 
is to be noted and, as a general rule, very promptly. Naturally in the 
classical cases of von Recklinghausen’s disease, the marked skeletal de- 
formities persist. 

Fractures.—About one third of the reported cases of hyperparathy- 
roidism had suffered from one or more fractures. Such fractures are due 
to one of several causes: either marked decalcification or unilocular or 
multilocular brown tumors or bone cysts which may increase sufficiently 
in size to cause expansion and thinning of the cortex. Such underlying 
tumors and cysts frequently mark the location of the fracture. In the 
more advanced cases it is not uncommon to learn that the fracture oc- 
curred when turning over in bed or from a very slight fall, injury or twist. 
That such fractures heal normally, providing good apposition is obtained, 
was very well demonstrated in a patient with severe hyperparathyroidism 
whose humerus at the time of fracture was so markedly decalcified that 
it barely cast a shadow on the a-ray plate. This fracture resulted from 
turning in bed. Despite the marked decalcification, healing of the frac- 
ture took place normally. This is what one might suspect knowing that 
such bones show increased osteoblastic activity. In addition, the tissue 
fluid at the fracture site in such a patient would be much more readily 
supersaturated because of the already existing hypercalcemia. From the 
above, it must be apparent that fractures occurring in hyperparathyroid- 
ism heal normally. The important thing for the fracture surgeon to re- 
member is that the disease exists and should be recognized as soon as pos- 
sible because prompt surgical treatment allows such miraculous results. 
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HYPOPARATHYROIDISM 


Hypoparathyroidism may develop because of operative removal of the 
parathyroids (the postoperative type). In other instances, it develops 
without known cause (idiopathic type). The symptomatology, phys- 
ical, laboratory and x-ray findings of acute and chronic hypoparathyroid- 
ism have been fully described above. Fractures are extremely rare and 
when present heal normally. 


OSTEOMALACIA 


Osteomalacia has often been confused with hyperparathyroidism. Par- 
ticularly was this true prior to our better understanding of calcium and 
phosphorus metabolism in health and disease. This was due in part to 
the fact that parathyroid hyperplasia is sometimes present in osteomalacia. 
However, Erdheim, as early as 1907, postulated that such hyperplasia was 
the result of the bone disease and not the cause of it (compensatory hyper- 
plasia). Since then it has been definitely established that osteomalacia is 
a calcium and phosphorus deficiency disease resulting from a low calcium 
intake and vitamin D deficiency. It does occur endemically in certain 
regions such as northern China, India, Japan, etc. In this country it is 
a rare disease, its incidence being lower than that of hyperparathyroidism. 
Most of the patients we have observed have been individuals with a fatty 
diarrhea and a resulting lack of absorption of the fat-soluble vitamin D. 

Because of the existing vitamin D deficiency and lack of absorption 
of adequate amounts of calcium and phosphorus, the bone tissue shows a 
definite pathological abnormality, namely, a failure of calcium and phos- 
phorus deposition in the osteoid tissue. In consequence, one observes 
wide osteoid borders. Osteoblasts are far in excess of osteoclasts. There 
exists a less marked increase of fibrous tissue, etc., than is seen in osteitis 
fibrosa. Here again a bone biopsy is usually pathognomonic. 

Symptoms.—The symptoms complained of are few as compared with 
hyperparathyroidism. Although skeletal pain is common, the presenting 
symptom may be secondary to the collapse of a decalcified fishbone ver- 
tebra. In some patients the symptoms due to the associated infantile 
type of tetany are the reason for seeking medical aid. The bones bend 
rather than fracture. The roentgenograms show generalized decalcifica- 
tion. The serum calcium is normal or low, the serum phosphorus is low 
and the serum phosphatase high. Fractures occurring in osteomalacia will 
unite normally because of good callus formation. However, such callus 
will not calcify normally until adequate treatment for the osteomalacia 
is instituted. 

Treatment.—The clinical and metabolic response to treatment in osteo- 
malacia is usually very prompt and often dramatic. This is accomplished 
by administering a high calcium, high phosphorus diet and adequate 
amounts of a potent vitamin D preparation or concentrate. The dietary 
intake should be 1 to 2 Gm. of calcium per day and a proportional amount 
of phosphorus. This is easily obtained if the patient will ingest liberal 
amounts of foods high in calcium such as milk, cheese, nuts and eggs. If 
the patient’s dietary whims prevent giving such a diet, a high calcium, 
high phosphorus intake can be assured if 3 to 6 drachms of calcium glycero- 
phosphate are administered in addition to his usual dietary. In most in- 
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stances cod liver oil (or its equivalent in the form of a potent vitamin D 
concentrate) in doses of 8 to 15 cc. three times a day will suffice. In 
rare instances, large amounts of cod liver oil have been ineffectual. Blum- 
gart reported a case in whom 50 cc. of a physiologically tested preparation 
of cod liver was without effect, although excellent clinical and metabolic 
improvement resulted when large amounts of cod liver oil concentrate 
were given. It must be remembered that the administration of adrenalin 
or the surgical removal of the ovaries as advocated in the past does not 
correct the existing metabolic abnormalities and therefore are contraindi- 
cated. What has been said concerning the etiology of osteomalacia ap- 
plies also to rickets and therefore will not be repeated at this point. In 
rickets two fundamental skeletal abnormalities are observed. The first is 
a disordered growth of cartilage in the region where endochondral ossifica- 
tion normally takes place. The cartilage matrix in the zone adjacent to 
the metaphyseal end of the diaphysis fails to calcify. This zone in the nor- 
mal bone corresponds to the zone of provisional calcification. Associated 
with this defect in calcification, there is a failure of the deepest cells in the 
cartilage columns to degenerate and consequently there is a failure of capil- 
lary ingrowth into this zone from the marrow side. The second important 
abnormality of rickets (also seen in osteomalacia) is a failure in the proc- 
esses of calcification of bone matrix. New osteoid matrix remains uncal- 
cified or imperfectly calcified. In addition, there may be resorption of 
the calcium salts deposited prior to the onset of the disease. The bone- 
forming cells continue to form osteoid matrix in both rickets and osteo- 
malacia. In rickets, as in osteomalacia, fractures heal with callus forma- 
tion. However, normal calcification of the callus will not take place until 
the nutritional abnormalities are corrected. 


SCURVY 


The fundamental defect in scurvy is the inability of the cells to de- 
posit intercellular substance or to maintain properly that which has been 
laid down. This abnormality is readily demonstrated in complete scor- 
butus. Here one observes that deposition of the osteoid matrix has com- 
pletely ceased. In such bones one notes also that resorption of the previ- 
ously formed osseous tissue is sufficiently marked to produce a well-defined 
osteoporosis. Fractures, whether experimental or clinical, fail to unite un- 
til the dietary deficiency is corrected (Figs. 205, 206). This failure to 
heal cannot be ascribed to impaired cellular proliferation because one can 
see that the fracture defect fills rapidly with the proliferating periosteal 
and endosteal cells. It is not until adequate amounts of ascorbic acid have 
been supplied that these proliferating cells are capable of forming osteoid 
matrix. Not until this abnormality is corrected will healing of the fracture 
take place. 


SENILE OSTEOPOROSIS 


The term, “osteoporosis,” implies rarefaction of the skeleton. Such 
bones are very transparent to roentgen rays. Its presence is of no diag- 
nostic significance. It occurs in all aging and senile persons; therefore the 
term, “senile osteoporosis.” The important. point is that decalcification is 
not to be confused with the osteoporosis resulting from inactivity, an in- 
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Fig. 205.—A photomicrograph illustrating bone repair in a scorbutic guinea-pig. The saw 
cut defect is filled with fibrinous coagulum. One notes invasion of this coagulum by fibroblasts. 
No osteoid tissue has been formed. Lacunar bone absorption is present. Bone necrosis has 
occurred at the fracture margins as shown by the empty lacunar bone spaces. 





Fig. 206.—A photomicrograph (X 160) illustrating the extent of repair in a femoral fracture 
of a scorbutic guinea-pig fed orange juice for six days. A comparison of this photomicrograph 
with Fig. 205 reveals how promptly the fibroblasts assume their réle in the formation of bone 
matrix, once the vitamin C deficiency has been corrected. We are indebted to Professor S. B. 
Wolbach for the material from which these photomicrographs (Figs. 205 and 206) were made. 
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adequate diet or endocrine diseases (such as hyperparathyroidism, hyper- 
thyroidism, or a basophilic pituitary adenoma). The conditions operating 
to produce senile osteoporosis are those related to the production of the 
general involutionary process of aging. According to Pommer, in senile 
persons the physiological deposition of new bone is decreased, whereas 
physiological resorption continues and, in consequence, there results a pro- 
gressive thinning of the bone. Therefore, one observes the kyphosis of 
the aged, the fishbone type of vertebrae and fractures, particularly of the 
neck of the femur. Grossly, one observes fatty atrophy of the marrow 
and thinning of the cortex and trabeculae. Microscopically, the osteoid 
borders are not demonstrable and there is no increase of osteoclasts, mar- 
row fibrosis, etc., as seen in hyperparathyroidism. 

x-Rays of these patients may show such marked rarefaction as to sug- 
gest hyperparathyroidism. Such rarefaction resembles the mild osteoporotic 
form with borderline blood values and therefore may be difficult to dif- 
ferentiate. The symptoms of hyperparathyroidism due to the hypercal- 
cemia and hypercalcinuria are absent, the skeletal symptoms minimal. 
Bone pain may be present, fractures and deformities may occur. The 
chemical findings usually enable one to differentiate it from hyperpara- 
thyroidism. The serum calcium is normal, the serum phosphorus normal 
or reduced, and the serum phosphatase normal. 

The fractures encountered in senile osteoporosis, with the exception of 
fractures involving the neck of the femur, heal normally except that they 
may take a little longer than in younger adults. Fractures occurring in 
this type of osteoporotic bone result in the stimulation of the resting 
osteoblasts which again proliferate and take on all the morphological char- 
acteristics of active osteoblasts. This ability of the resting osteoblast to 
respond to the stimulation resulting from the fracture is the reason for 
healing proceeding in a normal manner. This type of osteoporosis fails to 
respond to any type of medical therapy; therefore, institution of such 
treatment is not indicated. 


OTHER TYPES OF OSTEOPOROSIS 


Osteoporosis of Hyperthyroidism.—This form of generalized osteo- 
porosis is sometimes seen in long-standing exophthalmic goiter. The osteo- 
porosis of hyperthyroidism is evidently due to increased lacunar absorp- 
tion. It may persist for years after. It has been previously discussed 
under normal calcium and phosphorus metabolism. 

Osteoporosis of Disuse or Inactivity—Generalized osteoporosis of this 
type is occasionally encountered in bed-ridden patients with reduced ac- 
tivity such as ankylosing arthritis. Here the cause of decalcification should 
be obvious. The blood chemistry is normal. 

Osteoporosis Due to a Basophilic Adenoma of the Pituitary.—Gener- 
alized osteoporosis is also observed in this recently described syndrome 
(Cushing’s syndrome). There is some evidence to suggest that this type 
of osteoporosis may be due to hyperplasia of the parathyroid glands. In 
one of his cases, calcium and phosphorus metabolism studies revealed a 
normal serum calcium, a reduced serum phosphorus and a hypercalcinuria. 
The bone biopsy, however, more nearly resembled that seen in senile 
osteoporosis, 
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Osteoporosis Due to Suprarenocortical Tumors.—A syndrome, present- 
mg many of the characteristics of Cushing’s syndrome, is occasionally due 
to a suprarenal adenoma. Surgical removal of the adenoma in several 
instances has been followed by complete regression of the abnormalities 
characterizing the syndrome. Autopsy of 2 other cases revealed a normal 
hypophysis. Osteoporosis although present was confined chiefly to the 
vertebral column. The blood values were similar to those described under 
Cushing’s syndrome. 

Any of the above 4 types of osteoporosis may at times go on to marked 
decalcification. However, the degree of osteoporosis present in no way in- 
terferes with the uniting of the fracture by callus which subsequently be- 
comes fully calcified. 


PAGET’S DISEASE 


Paget’s disease and hyperparathyroidism have very little in common. 
The signs and symptoms of the two diseases are not the same. There is 
no evidence to substantiate the view held by some that Paget’s disease is 
a form of hyperparathyroidism. The reasons for contradicting such a 
view are: 

1. In Paget’s disease, the changes are sometimes confined to one lone 
bone and, as Schmorl points out, although often polyostotic, it is never 
generalized. However, in hyperparathyroidism, as one would expect in a 
disease of endocrine origin, the effect is a generalized one, every bone in 
the body being involved. This may not be apparent in the gross but is 
so on microscopic examination. 

2. Paget’s disease occurs in older people, usually males, and is regularly 
associated with arteriosclerosis, whereas hyperparathyroidism is met with 
in all age groups, more commonly in females, and arteriosclerosis is not a 
common finding. 

3. Schmorl was unable to show any significant histological changes in 
the parathyroid glands of 138 autopsied cases of osteitis deformans. 

4. The calcium and phosphorus metabolism changes are not of the type 
observed in hyperparathyroidism. The serum calcium is normal or only 
slightly elevated and the serum phosphorus slightly elevated, normal, or 
slightly reduced. The serum phosphatase is always elevated, being much 
higher in a case of Paget’s disease than in one of hyperparathyroidism with 
a comparable degree of bone involvement. In a few cases, we have ob- 
served slight increases in the calcium and phosphorus excretion, but the 
increased excretions were not confined solely to the urine as they are in 
hyperparathyroidism. 

There are other differences. Malignant bone tumors develop in a fair 
number of cases of Paget’s disease; such is rarely, if ever, observed in 
hyperparathyroidism. Fractures occur more frequently in hyperparathy- 
roidism than in Paget’s disease. Renal calculi do occur but are less fre- 
quent than in hyperparathyroidisin. 

It may be difficult or occasionally impossible to distinguish histolog- 
ically Paget’s disease from hyperparathyroidism. However, in Paget’s dis- 
ease, new bone formation is always in excess of bone resorption, except in 
the rare instances where the process is solely an osteoclastic one. The 
newly formed bone of Paget’s disease takes on a distinguishing mosaic 
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appearance because of the numerous thick, irregular, dark-staining cement 
lines. 

Roentgenograms usually serve to separate the two diseases. In Paget's 
disease, lesions may be confined to one or two bones. In most cases one 
can demonstrate some normal bone structure, most frequently in the small 
bones of the hand. The bones involved may be bowed and show the char- 
acteristic cortical enlargement (hyperostosis) as compared with the normal 
or thin cortex of osteitis fibrosa. The moth-eaten appearing skull usually 
shows this same thickening as compared with the thin moth-eaten skull 





Fig. 207.—A roentgenogram of the upper portion of a femur involved by osteitis deformans, 
showing transverse cortical fractures. Two such fractures opposite each other were responsible 
for the occurrence of the complete fracture here illustrated. 


of most patients with hyperparathyroidism. As Schmorl pointed out, the 
bones most frequently involved are those subjected to the greatest stress 
and strain. 

The fractures seen in Paget’s disease are of 3 types: (1) Simple 
fractures occurring in a normal bone or a bone involved with osteitis de- 
formans. (2) Transverse cortical fractures—these extend through a part 
or all of the cortex on one or both sides. (3) Fractures occurring at the 
site of a complicating bone sarcoma. That the ordinary fracture of Paget’s 
disease should heal in a normal manner is not surprising if it be re- 
membered that new bone formation is always in excess of bone resorption 
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except in the osteoclastic stage. Whether this is an adequate explanation 
for the frequent healing of fractures occurring at the site of a complicating 
sarcoma, no one knows. 

The small transverse cortical fractures probably occur because of the 
undue stress and strain to which the bone is subjected at the point of 
maximal bending (such as the upper third of the femur). 

Until the exact cause of Paget’s disease is known, specific treatment 
cannot be prescribed. In recent years, we have employed a high calcium, 
high vitamin diet in conjunction with large amounts of calcium glycero- 
phosphate and vitamin D concentrates. Whether the suggested improve- 
ment noted in a few cases represents anything more than the clinical 
course of the disease remains to be seen. No prescribed treatment can be 
considered effective unless the serum phosphatase returns to a normal level 
and remains there. 

SOLITARY CYSTS 


Single cysts usually occur in the metaphyseal ends of the diaphyses of 
long bones. They may occur in more than one bone. Histologically, they 
are indistinguishable from the cysts observed in hyperparathyroidism. 
Such cases can be distinguished from hyperparathyroidism by the demon- 
stration of an otherwise normal skeleton. The serum calcium, phosphorus 
and phosphatase are all normal. They may represent a healing process 
secondary to trauma or infection. Some probably represent healing reac- 
tion in a giant cell tumor. Fracture may be the first symptom to call 
attention to the existence of the cyst. Fractures may occur through such 
cysts, and when they do they heal normally. Not infrequently in such in- 
stances the fracture crushes the cyst and in consequence it also heals. 


SOLITARY BENIGN GIANT CELL TUMOR 


These tumors may resemble histologically the giant cell tumors of oste- 
itis fibrosa. Here again, the blood values are normal and generalized osteo- 
porosis is not demonstrable. Fractures are relatively rare in such instances. 
What has been said concerning the repair of fractures in solitary cysts 1s 
also applicable to benign giant cell tumors. 


OSTEOGENESIS IMPERFECTA (FRAGILITAS OSSIUM, BRITTLE BONE) 


Osteogenesis imperfecta might be confused with osteitis fibrosa because 
of thin bones and frequent fractures. However, such confusion is hardly 
justified in the presence of blue sclerae and deafness. It is a hereditary 
disease due to a fundamental defect in osteogenesis, the cause of which 
lies in the germ plasm. The blood chemistry is normal. The calcium and 
phosphorus excretion is not increased. Fractures are frequent because 
of the inability of the thin cortices to withstand minor injuries. Surprising 
as it may seem, they heal in normal fashion and in the usual time period. 


MULTIPLE MYELOMA 


In multiple myeloma, decalcification, with or without mottling, fish- 
bone type of vertebrae (often crushed), irregular areas of decreased den- 
sity and areas of bone destruction are often demonstrable. The decal- 
cification is rarely if ever generalized. Hypercalcemia is often present. 
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It fluctuates considerably and may. or may not be associated with an in- 
crease in serum proteins. The serum phosphorus is usually elevated. The 
serum phosphatase is normal. Bence-Jones protein if present does not es- 
tablish the diagnosis of multiple myeloma because it can occur in von 
Recklinghausen’s disease. However, in such cases the Bence-Jones pro- 
teinuria is minimal, whereas in multiple myeloma it is present in a marked 
degree. In occasional cases, bone biopsy may be necessary to establish the 
correct diagnosis. Fractures are rare. When they do occur cortical union 
usually takes place. 


METASTATIC MALIGNANCY 


Generalized decalcification is not present, and the uninvolved bones are 
normal. Metastases seldom occur below the knees or elbows. Hypercal- 
cemia has been reported but without a coexisting hypophosphatemia. 
Fractures are rarely the first evidence of the skeletal metastasis. Whether 
healing or nonunion takes place is dependent upon the type of tumor and 
its rate of growth. Large, rapidly growing metastatic growths usually in- 
terfere with or prevent healing. 


LIPOID DYSTROPHIES 


Schiiller-Christian’s Disease.—Schiiller-Christian’s disease occurs most 
frequently in early childhood. Roentgenographically, the bone changes 
represent a destructive process, usually of the flat bones. The unaffected 
bone or uninvolved portions of the same bone exhibit a normal structure. 
The serum calcium and phosphorus in the few cases observed has been 
normal. Fractures are rare. 

Gaucher’s Disease.—Gaucher’s disease may show some generalized de- 
calcification secondary to bone marrow invasion. Such decalcification is 
more apparent in the ends of the femur and humerus. Skull changes ap- 
pear very late in the disease. The anemia, splenomegaly, etc., usually 
enable one to make the diagnosis. Fractures are rare. 


MARBLE BONES 


Marble bones (osteopetrosis, osteosclerosis fragilis generalisata) is a 
rare skeletal disease of unknown etiology, characterized by increased thick- 
ness and density of the cortical and spongy portions of the entire skeleton. 
Histologically, one notes a totally irregular and disorderly bony pattern, 
reduction of the intertrabecular spaces, increased thickness of the cortex 
and trabeculae. Increased osteoblastic activity is very evident. Because 
of these changes, the bone marrow may be greatly reduced or completely 
replaced. Therefore, it is not surprising to learn that anemia is usually 
present, often very marked. As a rule the patients are asymptomatic 
except for those symptoms directly attributable to the anemia. The 
x-rays are quite characteristic showing a homogeneously dense bone with 
the medullary cavity usually obliterated. 

Multiple fractures, because of the increased fragility of the bones, re- 
sult from trivial causes. They may have occurred without the patient’s 
knowledge. They are generally transverse, sharply defined, without splin- 
tering displacement of the fragments or evidence of injury to the cortex. 
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Healing is usually normal, with abundant callus. Such is what one might 
suspect knowing that the bone exhibits marked osteoblastic activity. 

In the preceding pages, an attempt has been made to correlate the 
various factors involved in the healing of fractures in health and disease. 
Many fundamental questions are unanswered. However, it is hoped that 
what has been written will be of sufficient interest to the surgeon treating 
fractures to create a desire to know more concerning the fundamental al- 
terations of all types of bone disease. It may stimulate others to inves- 
tigate further some of the many unanswered questions.+ 


1 The Robert W. Lovett Memorial Foundation assisted in the preparation of Chapter XI. 


CHAPTER XII 


PATHOLOGICAL FRACTURES 
Torr Wacner Harmer, M.D., anp Cuartes F. Guscuicxter, M.D. 


A NUMBER of diseases may weaken the normal structure of bone and 
predispose to fracture. Such a fracture, usually following trauma insuf- 
ficient to cause a break in normal bone, is known as a pathologic fracture. 
Some of the diseases which produce bone fragility are systemic, such as 
nutritional and endocrine disorders. Other diseases are local, either in- 
flammatory or neoplastic. The neoplastic conditions which cause bone 
fragility may be either benign or malignant. The malignant growths may 
be either primary or metastatic. Finally, in children and adolescents, there 
are several types of idiopathic osseous fragility grouped in the German 
literature under the term “osteopsathyrosis.” 

The authors realize that a consideration of the subject in a single chap- 
ter cannot be complete. It is their aim to give a brief description of a 
fairly large number of pathological conditions which lead to bone fragility, 
noting their roentgenographic features and their capacity to heal. It is 
also their aim to outline recognized methods of treatment so that the prac- 
titioner may be helped in diagnosis and management. 

In the Tabulation are listed the causes of bone fragility which will be 
subsequently discussed. The Tabulation does not include all of the causes 
of bone fragility. The grouping under various headings is somewhat arbi- 
trary but the list is perhaps sufficiently comprehensive and accurate for 
a practical consideration of the subject. 


TABULATION 


CLASSIFICATION OF Causes oF Bone Fracinity 
I. Congenital 


Osteogenesis imperfecta 


II. Conditions of Childhood and Adolescence (not subsequently listed) 


Osteogenesis imperfecta (infantile and later) 
Osteopetrosis (marble bones) 
Gaucher’s disease 


III. Nutritional and Endocrine Disorders 


Exhausting chronic diseases 
Tuberculosis—diabetes—nephritis 

Senility 

Atrophy from disuse (wasted limbs) 

Neuropathies 
Tabes dorsalis—syringomyelia—myelomeningocele 

Scurvy 

Rickets 

Osteomalacia 

Osteitis fibrosa (parathyroidism) 
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IV. Inflammatory Bone Disease 
Pyogenic osteomyelitis 
Tuberculous osteomyelitis 
Lues (gumma of shaft or Charcot joint) 
Osteitis deformans (Paget’s disease) 
Echinococcus disease with bone cysts 


V. Bone Tumors 


Benign 
Simple bone cyst 
Giant cell tumor 
Angioma 
Enchondroma 
Malignant 
Metastatic 
Carcinoma (breast—thyroid—prostate—uterus) 
Hypernephroma 
Lymphoblastoma 
Neuroblastoma 
Primary 
Osteogenic 
Fibrocellular (chondrosarcoma and fibrosarcoma) 
Telangiectatic (central osteolytic) 
Sclerosing 
Ewing’s sarcoma 
Myeloma 
Multiple 
Single bone 


The differential diagnosis of these conditions covers a wide field of 
medicine. In some cases the diagnosis may be made at the first examina- 
tion. In other cases, however, subsequent study with more detailed past 
history and special laboratory tests, including 2-rays of other bones, may 
be necessary before the underlying pathology is determined. 

In all accident cases a general physical examination should be made be- 
fore w-rays are requested. Such an examination coupled with a history of 
trivial trauma may suggest the correct diagnosis and the underlying cause 
of the pathologic fracture. If a metastatic bone condition is suspected, 
roentgenogram of other bones and of the chest should be included. Not 
infrequently the lesions in other bones may be more characteristic than 
at the site of fracture. 

Osteogenesis imperfecta is characterized by great brittleness of bone. 
In the congenital form stillbirth is usual. In the infantile form the con- 
dition may not become manifest until the child begins to walk. The bones 
are like pipe stems and show multiple fractures in various stages of healing. 
Fractures occur with the slightest trauma but usually heal readily with 
proper immobilization. If the epiphyseal plates have been injured, the 
extremities may be short. The sclerae are usually blue. Endocrine dis- 
turbance is suggested but has not been proved. By x-ray the bones show 
high radiability and thin coftices. 

The late form of osteogenesis imperfecta manifests itself between the 
ages of eight and sixteen. The disease is accompanied by otosclerosis, 
looseness of the joints and a characteristic blue color of the sclerae. In 
the a-ray film the cortices are thin except where repeated fractures with 
healing have stimulated ossification (Fig. 208). 
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Osteoporosis or marble bones is a rare bone dystrophy occurring be- 
tween the ages of twelve and twenty. Owing to the presence of marked 
osteoblastic activity the bone marrow may be greatly limited or oblit- 
erated. This leads to anemia. Although roentgenographically the bones 
are of increased density, they are likewise fragile and numerous fractures 
are the outstanding findings. 

Gaucher’s disease is an affection of the hematopoietic system charac- 
terized by progressively increasing splenomegaly, subsequent enlargement 
of the liver, brownish discoloration of the exposed parts of the skin, pecu- 
liar thickening of the conjunctivae toward the medial and lateral canthi, 
hemorrhages from mucous surfaces, and a persistent leukopenia. Ascites 
is unusual. Several members of a single generation of one family may be 
affected. Although the disease begins in infancy or childhood, it may run 
a protracted course. The bone marrow shows a characteristic patholog- 





B 
Fig. 208.—Idiopathic bone fragility with multiple fractures. A, Congenital form (Knaggs). 
B, Late form. 


ical histology. The lower halves of the femora may have a wavy, “flask- 
like” outline and pathological fracture of the affected thin portion may 
occur (Fig. 209). Splenectomy or irradiation of the spleen does not cure 
the disease but lessens the abdominal discomfort. 

In tabes dorsalis and syringomyelia the painless character of the frac- 
ture should arouse suspicion. Fractures in the former disease are usually 
of the lower extremity. Bony union occurs but may be delayed. In 
syringomyelia the fracture is often of the upper extremity. Bony union is 
slow and the callus excessive. Tests of the blood and spinal fluid and 
complete neurological examinations are indicated. In lwetics in whom frac- 
tures occur a distinction should be made between those with disease of the 
central nervous system and those with disease of the osseous system. In 
the neuropathic group the fracture may be regarded as pathological only 
because of neurosensory and neurotrophic changes. In the group with 
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osseous disease, gumma or Charcot joint, the term “pathological” is more 
properly applicable. Another neuropathy in which fracture may occur is 
myelomeningocele. One of the cases at the Massachusetts General Hospi- 
tal was three times admitted for fractures (once of the left femur, and 





Fig. 209.—Pathologic fracture occurring in the femur of Gaucher’s disease. 
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Fig. 210.—Spontaneous fracture near epiphysis of femur (rachitis). 


twice of both femora). These fractures healed with bony union and good 
alignment. 

In scurvy the history of the diet, the hemorrhages from the gums, 
bowels or kidneys, the fretfulness and pain on handling and the subperi- 
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osteal bleeding are characteristic. With correction of diet bony union 
occurs. 

In rickets, the broad epiphyses, the rosary, the Harrison grooves, the 
bowed bones, and the saucer-shaped epiphyseal lines are characteristic. 
With proper immobilization, proper diet and the giving of liver oil (vitamin 
D) bony union follows (Fig. 210). 

Osteomalacia is a softening of bone due to diminished calcium. It may 
occur as a deficiency disease, more especially in association with repeated 
pregnancies and prolonged lactation. The condition as seen here is usu- 





Fig. 211.—A case of osteomalacia (Painter). Note supracondylar (fractures) deformities of the 
femora and similar deformity of forearm. (See z-ray.) 


ally secondary to some disease. It may exist in conjunction with rickets, 
scurvy, osteitis fibrosa, or osteitis deformans. The thin cortices, the wide 
marrow cavities and the curved bones are characteristic v-ray findings. 
Fractures are frequent. Repair occurs with little callus or by pseud- 
arthrosis. The treatment is dietetic with increase in phosphorus and cal- 
cium intake and the administration of vitamin D (Figs. 211, 212, 213). 
Osteitis fibrosa (von Recklinghausen’s disease of bone) may be the 
osseous manifestation of parathyroidism (Fig. 214). There is usually, but 
not at all times, a hypercalcemia. Calcium is drained from the bones 
followed by replacement with fibrous tissue causing bone thickening, weak- 
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Fig. 212.—a-Ray of osteomalacia, case of Painter. Note multiple fractures of radius and of the 
humerus. (See Fig. 211.) 


Fig. 213.—#-Ray of Painter’s case of osteomalacia. Note fracture of femur. Long arrow points 
to seat of fracture. (See Fig. 211.) 
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ening, and deformity. . Fibrous lined cysts, perhaps showing foreign body 
giant cells, may occur. 

Calcium may be adventitiously deposited. Renal stones may form. 
Fractures are frequent. Cure of the disease is accomplished only by re- 
moval of the diseased parathyroid gland. The diseased gland may not be 
in a usual situation. It may even be substernal, as in one of the cases in 
the Massachusetts General Hospital series (Churchill). The operation 
must be a thorough search of the entire field where these glands may lie. 
More than one operation may be necessary. Although cure of the disease 
is attained by parathyroidectomy, the fractures through the cysts may 
heal spontaneously with proper immobilization. If the cysts are large, 
however, curettement and the introduction of bone grafts should be prac- 
ticed. A diet rich in calcium should be given. In every case which shows 





Fig. 214.—Deformities in the humerus in a case of hyperparathyroidism following multiple 
fractures in healing. 


a bone cyst a-rays should be taken of other bones and blood calcium and 
phosphorus determinations should be made under conditions appropriate 
for such study. If operation is performed, the curetted material should be 
submitted for pathological examination. 

One case in the Massachusetts General Hospital series merits special 
mention. 


A female of thirty was admitted with a subtrochanteric fracture through a cyst of 
the right femur sustained by a fall on the knee in ascending a flight of stairs. The true 
nature of the condition was not then (April 1, 1925) recognized. There was another cyst 
slightly lower in the femur. A curettement, with the introduction of osteoperiosteal chips 
from the tibia, was performed. Three years later the case was reviewed and cysts were 
discovered in the right pubes and ischium and right femur and tibia. Note the unilateral 
distribution. (Fuller Albright.) She was readmitted for metabolism study. This was 
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normal. The tibial cyst was curetted. Pathological report, “consistent with osteitis 
fibrosa.”’ , Repeated follow-up examinations and x-rays have been made. Nine years after 
first admission all bones appear healed except for two very small cysts in the pubis. Para- 
thyroidectomy has not been practiced in this case. Nevertheless the lesions have been 
retrogressive. The cause of the endocrine disturbance could not have been due to a 
eee adenoma but must have been due to some other cause which has spontaneously 
ceased. 


The heading inflammatory bone disease causing fragility of bone pre- 
disposing to fracture includes pyogenic osteomyelitis, tuberculous osteo- 
myelitis, and bone syphilis (gumma or Charcot joint). Under this head- 
ing have also been included osteitis deformans (Paget’s disease of bone) 
and echinococcus disease with bone cysts. In the first three conditions 
there is coincident bone destruction and bone repair. The repair process 
may be slight or considerable. Bone sinuses, either spontaneous or post- 
operative, are often present. In pyogenic osteomyelitis fractures may oc- 
cur during the acute, but more often, during the chronic form of the disease 
(Figs. 215, 216). The treatment is that of the osteomyelitis plus reten- 
tion of the fracture. Thorough surgical eradication may be followed by 





Fig. 215.—Pathological fracture in osteomyelitis. 


azochloramide gauze pack, or dakinization. The azochloramide pack sim- 
plifies the problem of retention, for a plaster casing may be used. 

In a large percentage of cases of bone syphilis the Wassermann test is 
negative. In the treatment of bone syphilis with fracture it is imperative 
that the surgeon and syphilographer work together. Owing to the bones 
involved and the extent of the disease many problems arise which may be 
successfully met by such cooperation. The treatment of the fractures of 
various bones in no way differs from the ordinary methods of treatment, 
and the reader is referred for guidance to other parts of this work. 

Osteitis deformans (Paget’s disease of bone) is a disease of middle life 
of insidious onset, often associated with arteriosclerosis. It is character- 
ized by thickening and softening of the bones, including the skull, and 
more or less bowing of the long bones. In a-ray the bones appear massive 
and curved with roughened surfaces. They are mottled with small areas 
of lesser density and the marrow cavity is more or less obliterated (Fig. 
217). Fractures heal with considerable callus. 

In the Massachusetts General Hospital series in cases where a single 
bone has been involved, it has been the femur and the fracture has been 
transverse just below the trochanters. Cases of Paget’s disease should be 
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Fig. 216.—Osteomyelitis, fracture of radius. (Painter.) 





Fig. 217.—Incomplete fractures in Paget’s disease of the tibia. The aggravation of symptoms 
led to an erroneous diagnosis of sarcoma. 
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closely followed for union and occasionally w-rayed. We should be mindful 
of the possibility of sarcomatous degeneration. The incidence of sarcoma 
in Paget’s disease so far as hospital cases are concerned is approximately 
1 in 10 (C. E. Bird). If x-rays demonstrate this change, roentgen exam- 
ination of the lungs should be made. If the lungs are uninvolved, ampu- 
tation may save life. Inasmuch as there exists in this disease a tendency 
to mesoblastic hyperplasia, it is hazardous to practice open reduction of 
a fracture (bone plating, etc.). The operative trauma superimposed on 
the fracture trauma may precipitate sarcomatous degeneration. Steinman 
pins, ice-tongs and Kirschner wires at the femoral condyles have been used 
for skeletal traction with no harmful results. The trauma of these devices 
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Fig. 218.—Cyst of upper end of humerus. Fracture through cyst. 


is, however, slight and at some distance from the fracture. In no case has 
open reduction of the fracture been practiced. 


Although there have occurred 5 cases of Paget’s disease of bone with superimposed 
sarcoma at the Massachusetts General Hospital, only one of these cases has been treated on 
the Fracture Service. There was no evidence of sarcoma on admission. Skin traction in a 
Thomas splint was used for thirteen days. An attempt was then made to impact the 
fracture which was through the distal portion of the femoral neck. A month later there was 
sarcomatous destruction of the neck and the trochanters. Death occurred six months later. 
Autopsy revealed osteitis deformans and osteogenic sarcoma of left femur with metastases in 
skull and brain. In view of the subsequent course of the case we are confronted by the 
possibility that the trauma of the impaction may have been responsible. 


Simple bone cysts are occasionally discovered by a-ray made for pain 
but usually for fracture. These cysts occur in the shafts of long bones, in 
the medullary cavity, are elongated, of regular outline, but slightly expand 
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Fig. 219.—Fracture of shaft of humerus through Fig. 220.—Same case of simple bone cyst 
a simple bone cyst. (G. W. Holmes.) of humeral shaft as Fig. 219 at a little later 
period. (G. W. Holmes.) 
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Fig. 221. Fig. 222. 
Fig. 221.—Fracture through simple bone cyst of humerus. (M. G. H.) 


Fig. 222.—Same case as Fig. 221 after curettement and introduction of osteoperiosteal graft 
from tibia. (M. G. H.) 


the bone, and appear quite homogeneous in the roentgenogram. They 
may represent hemorrhagic areas secondary to trauma or extinct giant cell 
tumors. This latter theory was advanced by Bland-Sutton many years 


SIMPLE BONE CYSTS 219 


ago. Two of the cases in the Massachusetts General Hospital series sub- 
stantiate this opinion. Common sites of giant cell tumor are the upper 
end of the humerus, femur, tibia, and lower end of radius and femur. It 





Fig. 223.—Same case as Figs. 221 and 222 three years after bone graft. (M. G. H.) 
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Fig. 224. Fig. 225. 
Fig. 224.—Boy eight years old. Fracture through benign bone cyst. (M. G. H.) 
Fig. 225.—Same as Fig. 224. Curettage. Bone chips. Union solid. No recurrence. 


(M. G. H.) 


is striking that simple bone cysts are commonly found in the shafts of 
these bones near these same situations. This is strongly suggestive that a 
primary giant cell tumor in a child has become extinct and with the sub- 
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sequent growth of the bone it, as a simple cyst, comes to lie in the shaft 
of the bone. 

In a series of over 300 bone cysts studied in the Johns Hopkins Hospi- 
tal surgical pathology laboratory, fracture has occurred in over 45 per cent 
of the cases (Figs. 218, 219, 220). 

Fractures may cause a simple cyst to heal permanently but refracture 
is not infrequent. It is, therefore, better practice to curet and, if the 
cyst is large, to introduce bone grafts (Figs. 221, 222, 223, 224, 225). 

Even if a cyst in the shaft of a long bone is situated in the medulla, is 
elongated, and of regular outline, but slightly expands the bone and ap- 
pears homogeneous in the roentgenogram, other bones should be w-rayed. 





Fig. 226. Fig. 227. 
Fig. 226.—Giant cell tumor in head of humerus which was treated by curettement at the 
Boston Children’s Hospital. 


Fig. 227.—Same case as Fig. 226 three years later with fracture through a simple bone cyst 
lower in the shaft of the same bone. (M. G. H.) 


The condition most confounded with simple cyst is osteitis fibrosa. The 
discovery of the involvement of other bones will lead to appropriate 
studies. The simple bone cyst should not be confounded with giant cell 
tumor because of the restriction of the latter lesion to cancellous bone, its 
more or less globular form, its coarse trabeculations, and its habit of filling 
out every nook and cranny of a bone end. If doubt exists, biopsy should 
be practiced. 

Two cases of the Massachusetts General Hospital series merit special 
attention. 


A girl of eight was admitted March 21, 1924, with a fracture into the shell of a bone 
cyst of the wpper shaft of the left humerus. A cyst was first noted in 1921 in the head 
of the humerus. 2-Rays were made at the time because the left shoulder was larger than 
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the right and showed a lesion conforming to the characteristics of a giant cell tumor. At 
her admission in 1924 a fracture existed through a lesion lower in the shaft. The cyst 
was curetted and osteoperiosteal grafts were inserted. Examination of the curettings showed 
no evidence of giant cell tumor. Three years later the cyst had healed and the anatomical 
and functional result was excellent. 

A boy of ten was admitted on February 2, 1925, with an oblique fracture through 
a cyst in the upper shaft of the humerus. Three years previously a cyst in the head of 
the humerus (in cancellous bone) had been curetted at the Boston Children’s Hospital, and 
proved to be a giant cell tumor. At his 1925 admission x-rays of other bones were nega- 
tive. The humeral shaft cyst did not conform to the characteristics of a giant cell tumor 
and a diagnosis of simple cyst was made. No operation was performed. Nineteen months 
after this injury there was no deformity, no disability, and x-ray showed the cystic area 
practically healed (Figs. 226, 227, 228). 


Giant Cell Tumor.—Prior to the work of Bloodgood this lesion was re- 
garded as malignant and was known as giant cell sarcoma. These tumors 





Fig. 228.—Same case as Figs. 226, 227 Fig. 229.—Giant cell tumor of distal end 
eighteen months later showing the cyst healed. of femur. Fracture through upper portion of 
(M. G. H.) the tumor. 


occur in cancellous bone (Fig. 229). Frequent sites are the upper end of 
the humerus, femur, tibia and fibula and the lower end of the radius, femur, 
and tibia. Other bones may be affected including those of the hand and 
spine. They may greatly expand the bone, are more or less globular in 
form, have a tendency to fill out every nook and cranny of a bone end, 
and are coarsely trabeculated. They may at times burst the bone shell 
and invade the adjacent soft parts. The contents are vascular, red gran- 
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ulation tissue mottled with white described as currant jelly. It has recently 
been suggested that the lesion is not a tumor but an arteriovenous aneur- 
ysm with afferent and efferent vessels (Codman). The lesions are occa- 
sionally discovered by a-rays taken for pain, less frequently for swelling, 
and commonly for fracture. The incidence of fracture is about 15 per cent, 
only one third as frequent as fracture through simple bone cysts (the 
Johns Hopkins Hospital series). The reason for this lower incidence is ob- 
vious. Pain is a more conspicuous feature and this leads to disuse and 
protection by the patient. - 

Prior to Bloodgood’s work amputation was practiced and many limbs 
were needlessly sacrificed. Bloodgood advocated curetting and carboliza- 
tion and later the introduction of bone grafts. Still later it was discovered 
that the lesions were sensitive to irradiation. There is a difference of 
opinion in regard to malignant degeneration of such lesions and this is 





Fig. 230. Fig. 231. Fig. 232. 


Fig. 230.—Giant cell tumor of proximal end of tibia with fracture. (M. G. H.) 
Fig. 231.—Same case as Fig. 230 after treatment by irradiation. (M. G. H.) 


Fig. 232.—_Same case as Figs. 230 and 231. Lateral view following treatment by irradiation. 
(M. G. H.) 


shared by the authors. One of us (C. F. G.) believes that such degenera- 
tion never occurs. The other (T. W. H.) believes that it may. Simmons 
and Codman in the analysis of two different series of cases arrive at the 
same percentage of incidence of degeneration (744). We, therefore, have 
at our command several methods of treatment. It is best to resect lesions 
in situations which permit this procedure, z. e., upper end of fibula. Irradia- 
tion should be practiced for lesions in situations where surgical eradication 
is impracticable, as in the vertebrae, or in cases in which the entire end 
of a weight-bearing bone is involved, as the upper end of the tibia (Figs. 
230, 231, 232). Lesions in other situations may be treated by thorough 
curetting followed by the mtroduction of osteoperiosteal grafts. 

Now that the relatively benign nature of giant cell tumor is understood 
we must not be too hasty in assuming that we are dealing with such a 
tumor. A central lesion of a long bone which does not fill out the recesses 


GIANT CELL TUMOR 293 


at the end of the bone is probably not a giant cell tumor, It may be a 
central sarcoma. The lungs should be «-rayed and a biopsy performed 
(Figs. 233, 234, 235). That a biopsy followed immediately by amputation 
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Fig. 233.—Osteolytic sarcoma of distal end of femur. (M. G. H.) 





Fig. 234.—Same case as Fig. 233 showing pathologic fracture. (M. G. H.) 


does not necessarily disseminate a bone sarcoma is shown by the study of 
Greenough, Simmons and Harmer. Conservative surgery in such cases 
would be fatal, whereas with the lungs clear amputation may effect a cure. 
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One case in the Massachusetts General Hospital series merits special 
mention. Of all the cases of giant cell tumor of the proximal end of the 
tibia registered in the Registry of Bone Sarcoma of the American College 
of Surgeons this case is living the longest following treatment by irradiation. 





Fig. 235.—Same case as Figs. 233 and 234 showing pulmonary metastases. (M. G. H.) 





Fig. 236.—Central chondroma of the phalanx with pathologic fracture. 


A female of eighteen was admitted with a fracture into a more or less globular, coarsely 
trabeculated cyst occupying practically the entire upper end of the right tibia, extending 
from the articular surface 3 inches distally. While walking she had slipped and fallen. She 
had experienced pain in the knee for some time prior to the accident. Irradiation was be- 
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gun shortly after admission. A molded posterior plaster splint was followed in a month 
by a Thomas splint and skin traction. A brace was subsequently worn. «-Ray therapy con- 
sisted of three series of two treatments each June 13 and 16, August 4 and 10, November 
10 and 17. Each dose was a two thirds erythema dose. Thirteen months after discharge 
x-rays showed the cyst nearly healed. It is now eleven years since the injury. There are 
no symptoms referable to the region of the cyst and she walks and dances without incon- 
venience (Figs. 230, 231, 232). 


Enchondroma is another tumor which simulates a cyst by a-ray. It 
is apt to be multiple. It is trabeculated like the giant cell tumor but the 
septa are smaller and, unlike the giant cell tumor, it does not fill out the 
small recesses at the end of the bone (Fig. 236). It is probably a con- 
genital condition, although not manifest until childhood or adolescence. 
It probably represents the persistence of epiphyseal cartilaginous rests 
carried back into the diaphysis. Pathologic fracture is infrequent because 
the prevalent sites are the small bones of the hands and feet and the costal 





Fig. 237.—Malignant change in osteochondroma with fragmentation of osseous portion 


junctions at the sternum and spine. Pathologic fracture may also happen 
in cases of chondrodysplasia in which multiple congenital cartilaginous 
defects occur (Figs. 237, 238) . 

Exostoses or osteochondroma are here mentioned. Their pedicles are of 
normal bone. Fractures may occur through the pedicles or through the 
neoplasms themselves when they have attained considerable size (Fig. 
239) . 

- unusual bone cysts which do not conform to the above descriptions 
the possibility of echinococcus infection should be considered. The nativ- 
ity of the individual and the duration of his residence in this country 
should be ascertained. A blood examination for eosinophilia, and a com- 
plement fixation test for echinococcus should be made. 

The importance of a general physical examination 1 all cases of frac- 
ture is emphatically demonstrated in pathologic fractures through meta- 
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static lesions. These metastatic lesions may be from carcinoma primary 
in the breast, prostate, thyroid or uterus, from hypernephroma or other 
tumors of the genito-urinary tract or rarely from other malignant neo- 





be a 


Fig. 238.—Chondrodysplasia with pathologic fracture through cartilaginous area. (Geschickter 
in Christopher, “Textbook of Surgery.’’) 


plasms. When examining a case of fracture of the femur or humerus 
resulting from a trivial trauma we discover the scar of a radical operation 
on the breast, our suspicion is at once aroused. We will, therefore, request 
the roentgenologist to make films of other bones in which breast carcinoma 





Fig. 239.—Fracture in pedicle of an exostosis. 


commonly metastasizes as well as a film of the fracture. These bones are 
the pelvis, spine, and skull. In fractures of the jaw the scars of operations 
on the lip may be hidden by the beard and discovered only after careful 
search. We should routinely examine the neck, breast and flank and when 
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our suspicions are aroused we should also examine vaginally and rectally. 
x-Ray of the fracture may show a destructive lesion but this may be so 
slight as to escape detection by any but an experienced roentgenologist. 
If the roentgenologist fails to make this discovery, we should not blame 





Fig. 240.—Pathologic fracture of humerus through a metastatic carcinoma. Note that the 
neoplasm is evident only on close inspection. (M. G. H.) 





Fig. 241.—Same case as Fig. 240 showing multiple metastases in pelvis and femora. The skull 
showed multiple metastases also. (M. G. H.) 


him but ourselves for not having made a more thorough physical exam- 
ination and for not having requested w-rays of other bones in which car- 
cinoma metastasizes. Lesions in other bones may be more extensive and 
characteristic than at the site of fracture (Figs. 240, 241). The roent- 
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Fig. 242.—Ossification of the bone shell of a meta- Fig. 243.—Destruction. of the 


static hypernephroma with no ossification of the central __ bone shell after its fracture had ossi- 
lesion. (Fig. 243.) fied, in metastatic hypernephroma. 


This z-ray was taken two months after 
the one shown in Fig. 242. 

















Fig. 244.—Fracture through the neck of humerus with partial collapse in a case of Hodgkin’s 
disease with bone involvement. (Geschickter and Copeland, “Tumors of Bone.”) 
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genogram may show multiple rounded areas of rarefaction, a picture 
produced by the density of fibrous rings which surround the metastases 
(Fig. 241). 

, In cases of hypernephroma (Figs. 242, 243) the complete bone destruc- 
tion at the site of fracture is so characteristic that it will prompt appro- 
priate investigation. 





Fig. 245.—Diffuse involvement of humerus with pathologic fracture at the neck in lympho- 
sarcoma. (Geschickter and Copeland, ‘“T'umors of Bone.’’) 


In malignant disease of lymphoid or myeloid tissue there is a tendency 
to diffuse osseous involvement. This may be a feature of lymphoblastoma 
(including Hodgkin’s disease). The bones involved in order of frequency 
are spine, pelvis, skull, femur, humerus and ribs. Vertebral collapse may 
occur. Although several vertebrae may collapse in Hodgkin’s disease, the 
intervertebral disks usually remain intact. The long bones which are in- 
volved are usually the upper humerus and upper femur (Figs. 244, 245). 
Irradiation may relieve pain and favor reossification but owing to the 
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anemia it is often contraindicated. In chloroma bone involvement is an 
outstanding feature. Although the orbital bones are usually attacked, the 
long bones may be affected and may fracture (Fig. 246). 
Pathologic fractures through metastatic carcmoma with appropriate 
fixation may rarely heal spontaneously. Fixation, when it can be tolerated, 
combined with irradiation gives the best results. Moderate doses are more 





Fig. 246.—Chloroma of humerus with pathologic eS (Geschickter and Copeland, ““Tumors 
of Bone.” 


beneficial than heavy doses (Claude Welch). A large majority secure no 
union. Fractures through metastatic hypernephroma rarely heal. 
Osteogenic sarcoma may be divided into three types: (1) fibrocellular 
(chondrosarcoma and fibrosarcoma), (2) telangiectatic (central osteolytic 
sarcoma) and (3) sclerosing sarcoma. They are tumors of youth and 
early adult life. They are rapidly growing and soon metastasize to the 
lungs. The prognosis is poor but if the condition is recognized before 
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metastases have occurred, amputation may succeed. Fracture may occur 
in any of the types but is most frequent in the osteolytic type (telangiec- 
tatic type of Ewing). 

The first type is characterized roentgenologically by a shadow which 
more or less encircles the shaft of the bone. At the upper or lower ex- 
tremities of this shadow the periosteum may be seen “stripped up” and in 
the shadow itself in certain cases may be seen shadows of more or less 
bony density radiating from the shaft. The incidence of fracture in this 
type of osteogenic sarcoma is low, perhaps less than 5 per cent. 

The osteolytic type shows a definite central tumor. Although it may 
be situated low in the shaft it does not tend to fill out the bone end. It 
should not, therefore, be confounded with giant cell tumor. It is markedly 
osteolytic and may early burst the cortex and invade the soft parts. The 
tumor may be expansile. Fractures occur in a high percentage of cases 





Fig. 247.—Pathologic fracture of femur in osteolytic sarcoma. 


(Fig. 247). The lung fields should be a-rayed. If the lung fields are 
clear but doubt exists in regard to the nature of the lesion, preparations 
should be made for high amputation. A tight tourniquet should be applied 
and a generous biopsy done. If immediate amputation is performed, the 
biopsy does not disseminate the disease. 

The sclerosing type is generally a slower growing tumor and is less apt 
to metastasize early. It is markedly osteogenic and by «x-ray shows as a 
dense mass with somewhat wooly periphery without trabeculations. Frac- 
ture is not frequent, not over 5 per cent. When it occurs the lungs as well 
as the tumor should be a-rayed. If the lungs are clear, amputation should 
be practiced. . 

One case in the Johns Hopkins Hospital series merits special mention 
because the sarcoma apparently developed in a bone callus following a 
fracture. This is extremely rare. 
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A white man, aged sixty-seven (Fig. 248), had fractured his right elbow one year 
previously. The roentgenogram showed a distinct fracture with nonunion. A diffuse 
callus formation surrounded the upper end of the ulna. In this callus and extending into 
the soft parts was a large solid mass. A shoulder girdle amputation was performed and 
the mass surrounding the fracture disclosed osteogenic sarcoma. The patient died two and 
one-half years later with pulmonary metastases. 


Ewing’s sarcoma is a malignant bone tumor occurring in children and 
young adults. It may be confused with osteomyelitis on account of periods 
of swelling, pain, fever, and leukocytosis. It occurs especially in the long 





Fig. 248.—Osteogenic sarcoma apparently arising in the callus of an ununited fracture. (Geschick- 
ter and Copeland, ‘Tumors of Bone.”’) 


bones of the extremities. By roentgen ray the most frequent metastases 
are in the lungs, skull, spine and scapulae. Holmes and Ruggles describe 
two roentgenographic types. One type resembles osteogenic sarcoma but 
they point out that there is more cortical destruction and much more 
periosteal proliferation which may appear as layers more or less completely 
surrounding the tumor. Like osteogenic sarcoma there may be spicules 
radiating from the shadow but they are apt to be heavier and more irreg- 
ular. In the other type the bone appears expanded by coarse trabecula- 
tions with a periphery of rarefaction. Fracture is infrequent and rarely 
occurs before the tumor is far advanced. These tumors are radiosensitive. 
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flowever, if w-rays of the lungs and of the bones to which this tumor most 
frequently metastasizes are negative, amputation is justifiable. Systematic 
treatment with Coley’s mixed toxins of streptococcus and Bacillus pro- 
digiosus is effective. 

Multiple myeloma is regarded by Borrman, Aschoff, Ewing and others, 
as a primary malignant bone tumor. It has been considered as such in this 
study. MacCallum distinguishes two types, a lymphoid or plasma cell and 
a myeloid in which the cells are occasionally demonstrated to be myelo- 
cytes or even erythroblasts but in most cases correspond to myeloblasts. 
The lymphoid type is now generally considered as reticulum cell sarcoma 











Fig. 249.—Pathologic fracture through the neck of the left humerus in case of myeloma. (Geschick- 
ter and Copeland, “Tumors of Bone.’’) 


or Ewing’s tumor. Others regard the condition as a tumor of the hemato- 
poietic system usually in the bone marrow, that is of the nature of an 
aleukemic leukemia. There is a plasmatocytoma of the palate or pharynx 
without osseous involvement, but a large proportion of such tumors of the 
tonsil eventually show bone involvement (Jackson). Conversely, as 
suggested above, hematopoietic tissue other than bone marrow may be 
involved. There is a type in which only a single bone is involved. Despite 
these various manifestations the classical form is largely limited to bones 
and when first seen a number have usually been attacked, especially the 
ribs, sternum, skull, vertebrae, pelvis, femur and humerus (Fig. 249). 
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The tumor is never osteogenic. Hemorrhages into the growth are common 
leading to softening and cysts. This produces a thinned, finely or coarsely 
mottled appearance roentgenographically. The Bence-Jones albumose 
body in the urine is said to be characteristic. It is absent, however, in 
many cases (20 to 50 per cent). It is to be remembered also that this 
albumose may occur in the urine in bone carcinoma, myxedema, and 
leukemia. A pathologic fracture in a bone affected with multiple myeloma 
should be appropriately immobilized. Irradiation in moderate doses may 
be helpful. Nonunion or fibrous union is the rule. The disease proceeds 
to a fatal termination in one to four years. Of the single bone type 2 cases 
of the Massachusetts General Hospital series are living without and with 
disease twenty and twelve years respectively. 

Social and Medicolegal Aspects of Pathologic Fractures—Many indus- 
tries have prospective employees examined physically. By this means a 
physical defect, compatible or incompatible with the job in question, may 
be detected, for example a hernia. Obviously it is impracticable to x-ray 
the entire skeleton in such a preemployment examination yet occasionally 
employees suffer pathologic fractures during the performance of their daily 
work. A number of cases in our experience could be cited; e. g., the jarring 
of a steam shovel caused a compression fracture of the spine in a laborer. 
At autopsy the fracture was found to concern a diseased vertebra, a meta- 
static carcinoma from the adrenal cortex. Both the worker and his family 
sought compensation for the fracture. 

Pathological fractures in such instances should not be considered as an 
aggravation of the condition since such a complication becomes an in- 
creasing probability regardless of the character of employment, once bone 
fragility is sufficiently advanced. As has been previously stressed in such 
cases, it is important to have 2-rays of bones other than the one fractured. 
These may show lesions more characteristic than that at the site of frac- 
ture. If death ensues, information so obtained may be of assistance to 
the pathologist who performs the autopsy. 

Occasionally it is claimed that a fracture sustained at work is an etio- 
logical factor in the onset of a malignant condition of bone. A case in 
point was examined by one of us (C. F. G.) about a year ago. It was 
alleged that a fracture of the humerus shortly anteceded a bone growth 
(Ewing’s sarcoma). Reexamination of the early film taken immediately 
after the fracture, however, disclosed a diffuse rarefaction at the site of 
fracture. This refuted the claim and proved that the bone pathology ante- 
dated the fracture. In this lesion it is unusual for fracture to occur until 
the disease is well advanced. In those extremely rare instances in which 
malignancy appears to have developed in the callus of a normal bone fol- 
lowing fracture, every effort should first be made to prove that it might 
be a metastatic lesion rather than a primary lesion. Such study should be 
carried out not only in the interest of those concerned with the case at 
hand but for the advancement of our knowledge of bone healing. 


CHAPTER XIII 


COMPOUND OR OPEN FRACTURE 


THE open wound differs in but one respect from the closed wound, that 
is, the solution of continuity of an epithelial surface and the contamina- 
tion of the deeper tissues with pathogenic microorganisms from without 
(Mason). 

The problems confronting the surgeon in the care of a fracture which 
communicates through the damaged soft parts with the external surface of 
the body are always difficult. 

The open fracture may be considered under five headings: 

(A) Emergency treatment. 

(B) The treatment of shock. 

(C) General considerations. 

(D) The damage to the soft parts. 

(E) Treatment of the compound fracture. 


(A) EMERGENCY TREATMENT 


The injured person should be placed and kept in a horizontal position 
and not permitted to sit up. 

Morphine, if readily available, should be given subcutaneously to re- 
heve pain absolutely and to avoid further shock. Large doses may be 
necessary. The patient should be kept warm. Extra coats or blankets 
should surround the patient. Hot coffee or tea or water may be given. 
Aromatic spirits of ammonia, 10 drops, and repeated after twenty minutes 
for 2 or 3 doses, may be helpful. A tourniquet around the injured limb 
will only be needed if there is much continuous bleeding. The tourniquet 
will often do harm to the region of the fracture unless it is placed carefully. 

Temporary Dressing —The immediate treatment should be directed to 
the prevention of any further injury, 2. e., mechanical or by infection. 

In the absence of sterile gauze, a sterile or laundry-clean handkerchief 
or strips of clean bed linen or the equivalent should be applied over the 
wound. This dressing should be applied loosely without constriction. 

If the protruding bone is drawn into the wound in the application of 
the Thomas splint associated with slight effective traction and counter- 
traction less harm is done than in transporting the part without fixation 
plus traction. The wound has to be opened anyway in the routine 
treatment. Operation under an anesthetic is necessary to cleanse the 
wound thoroughly. No antiseptic should be injected into the wound. 

The most effective method of immobilizing and transporting a fracture 
of the upper or lower extremity is by means of the Thomas splint (p. 125). 
Every practitioner of medicine and surgery, if likely to be called to a 
fracture, should be provided with a Thomas arm and Thomas leg splint. 
Every practitioner should know how to effectively use these two splints 


(p. 116). 
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The limb should be held still, fixed to some sort of a splint. If a 
Thomas splint is not to be had, the arm may be held against the body by 
a towel swathe. The leg may be held against the opposite leg by a towel 
swathe. Either limb may be immobilized without undue constriction by 
placing it against a padded (with a folded coat) splint made of narrow 
boards or sticks, holding it in contact by towels. The injured individual 
should be transported to the nearest hospital as quickly as possible (Chap- 


ter VII). (B) SHOCK 


The patient should not be washed or in any way disturbed. 

The shock attending an open fracture is generally greater than that fol- 
lowing a closed fracture. A degree of shock requiring vigorous treatment 
is not always present. As has been indicated, heat should be applied to 
the body. If it can be determined that there has been great loss of blood, 
a blood transfusion may be indicated. If active hemorrhage is an impor- 
tant factor in this shock, of course bleeding should be stopped at the be- 
ginning of treatment. 

If very great shock is manifest, or if there is great pain, an adequate 
amount of morphine should be given subcutaneously. Absolute quiet 
should be provided. Salt solution given slowly subpectorally, 1 or 2 pints, 
is helpful. Sodium bicarbonate should be added to the salt solution. If 
the shock is apparently serious, to the subpectoral salt solution may be 
added 10 or 15 minims of adrenalin chloride solution, 1: 1000. 

If there is very profound shock the injured man will look it. He is 
utterly relaxed; pale as the dead; his eyes are pallid and sunken, he is 
apparently but not really unconscious; his breathing is shallow and fre- 
quent; his heart beat rapid and feeble; his pulse is scarcely to be felt at the 
wrist, and when the diastolic arterial pressure is taken it is found to be 
dangerously low, 60 mm. or thereabout (W. T. Porter). 


(C) GENERAL CONSIDERATIONS 

There should be no unnecessary moving of the patient. Moving and 
transporting a patient with fracture materially increases shock and pain 
and tends to spread infection if it is present. 

Roentgen-ray Examination.—The patient should be received at the hos- 
pital on a table or truck capable of affording an a-ray examination without 
disturbing the fracture. The «#-ray should be taken as soon as practicable, 
and, if possible, should be taken without moving the patient from the table 
or truck on which he is first placed. This x-ray will give immediate infor- 
mation of the location and extent of the bone lesion. 

Further examination should determine: 

. The location of the wound or wounds; their size and appearance. 

. The extent of damage to the soft parts of the limb. 

. The extent of important blood vessel and nerve injury. 

. The extent of damage to adjacent parts. 

. Associated injuries in other parts of the body; possibly damage to 
neighboring joints. 
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(D) DAMAGE TO THE SOFT PARTS 
The Possibilities of Infection.—The time elapsed since the accident will 
be a valuable guide as to whether an infection is present or not in the 
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wound. Immediately after a wound of the skin and soft parts is inflicted 
near a fracture of bone it is contaminated; the bacteria which have been 
carried in he on the surface of tissues and within tissue spaces. 

A wound less than six or eight hours old is contaminated but not 
infected. 

It will be important to determine the nature of the accident—whether 
the limb was run over by a cartwheel, crushed by a heavy weight, or 
whether the man fell and the bone wounded the skin from within out. If 
the accident was a crush (direct violence) the damage to the soft parts 
may be considerable. And if the accident was due to indirect violence the 
soft part damage will be much less. 

The likelihood of contamination at the beginning, that is, at the time 
of the accident, will depend somewhat upon whether bacteria have been 
introduced from without and rubbed into the wound. A culture should be 
taken from the wound before treatment begins. 

The damage to the soft parts may occur at a different level from the 
injury to the bone. It may be impossible to tell by inspection whether the 
superficial wound communicates with the fracture or not. 

Just as it is often difficult to know whether a stab or pistol wound of 
the abdominal wall has entered the peritoneal cavity, so it may be difficult 
to tell the relationship of the superficial skin wound and that of deeper 
parts. Any fracture associated with a superficial skin wound should be 
assumed to be an open fracture and should be treated at the outset accord- 
ingly until it is proved to be otherwise. 

A wound from within out is presumably associated with only a mild 
contamination. If the appearance of the parts is grossly clean and if the 
kind of injury and the local appearances suggest strongly that the wound 
of the soft parts happened after the bone was broken by penetration of 
the soft parts by a fragment of bone, a mild contamination may be present. 

A wound from without in. Tf, on the contrary, the kind of injury, a 
rolling or crushing accident, and the local appearance of the skin and the 
feel of the part involved suggest that the damage to the bone occurred 
after or at the same time as the damage to the soft parts, the fracture is 
presumably associated with extensive laceration of tissue and with a con- 
tamination which may become serious unless adequate treatment is insti- 
tuted early. 

In other words, an infection of an open fracture will be either entirely 
absent, mild, or severe from the outset. 

These degrees of infection will depend: 

(a) On the exact bacteria concerned. 

(b) The associated damage to the soft parts—whether the wound of 

the soft parts is from within out or from without in. 

(c) The length of time which has been allowed to elapse before treat- 

ment is instituted. 

In civil practice, open fractures, in which the wound is small and prob- 
ably caused by the broken bone protruding out through a tiny wound of 
the skin, are ordinarily not contaminated. About 75 per cent of such 
wounds heal immediately with no sign of subsequent infection. But the 
very important fact remains that even granting the foregoing to be ab- 
solutely true, the surgeon confronted with an open fracture can never be 
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absolutely sure that it will not become infected. A wound apparently 
simple and made from within outward may have had ground into it septic 
material from the outside. A wound apparently simple may have become 
infected by a once protruding bone fragment, which after having been 
soiled and impregnated with bacteria, oil, and dirt, retracted and was with- 
drawn into the deep wound carrying virulent infecting material with it. 
Moreover, the tiny skin wound may deceive the surgeon, for there may be 
associated with the small superficial skin wound complicated and exten- 
sive wounds of the underlying and adjacent soft parts. - 

Therefore, the fundamental basis for the treatment of open fractures is 

that all open fractures are potentially infected. » 

A closed fracture may become an open one: 

(a) The skin may be so contused that it subsequently sloughs and 
leaves an open wound to the fracture site. 

(b) Blebs filled with serum or blood may form in the skin about a 
fracture and become septic and lead to serious infection. 

(c) The delirious patient may cause a closed fracture to become an 
open one by restrained or unrestrained moving about in the bed. 

(d) A fragment of bone may press so hard against the skin from within 
that a necrosis of the skin may result. The bone may protrude 
through the skin. This secondary wound may become septic and 
cause serious mischief. 

(e) So great a hemorrhage may occur associated with laceration of 
blood vessels and muscle tissue that the tension on the surface 
skin may require incision to relieve the circulation of the limb. 
Such a forced procedure makes the closed fracture a secondarily 
open one, but, of course, under the control of the surgeon, and 
presumably it will remain clean. 


(E) TREATMENT OF THE COMPOUND FRACTURE 


General Remarks.—A compound fracture being a fracture with infection 
(presumably), if the bone becomes infected necrosis of bone may occur, 
sequestra may form. Consequently, the reparative process will be occupied 
in a compound fracture with three things: (1) fighting and eliminating 
any local infection; (2) eliminating necrotic bone; (3) healing the original 
fracture. 

The first object of local treatment of an open fracture wound is to free 
the damaged parts not only of bacteria, but of all pabulum favorable to 
their growth, namely, foreign bodies, blood clot, tissue partly or completely 
devitalized. 

The earlier and more thoroughly this is carried out, the better. The 
more virulent the original infection and the longer the delay in cleansing 
the wound, the less surety is there of a successful outcome. After bac- 
terial proliferation and tissue invasion occur, the wound is infected and 
the opportunity for cleansing and primary repair has passed. 

The second object after sterilization of the wound is the facilitating of 
proper repair of all tissues, soft and hard, that is, suture and closure in 
whole or in part of the soft wound, and correction of displaced bone frag- 
ments by mechanical means. Compound or open wounds will vary in ex- 
tent and severity and in the degree of infection. 


ANTITETANIC SERUM 239 


A tourniquet should very rarely be necessary in case of open fracture. 
Unless it is applied very exactly it is liable to cause serious damage to the 
soft parts and to the seat of fracture. It will be always unwise to attempt 
immediate closure of the open wound if more than ten hours have elapsed 
since its origin, and only then if the infection is probably mild. 

The care of a compound fracture will be described under the following 
heads: 

The employment of antitetanic serum. 

The sterilization of the skin. 

The mechanical cleansing of soft parts and bone. 

The chemical sterilization of soft parts and bone. 

The treatment of the fractured bone: 

By suspension. 
By reposition. 
By traction. 
By direct fixation. 
The treatment of the wound of the soft parts: 
By passive healing. 
By secondary suture. 
By primary suture. 

The Carrel-Dakin method. 

Antitetanic Serum.—The administration of a prophylactic dose of anti- 
tetanic serum will be necessary in wounds predisposed to infection with 
the Bacillus tetani—such as wounds caused by street accidents and acci- 
dents in stables. I believe it is a wise precaution to use it in all badly 
lacerated wounds. 

A preliminary test should be made to determine possible sensitivity to 
horse serum by injecting 0.1 ce. of the antitetanic serum intradermally. 
If there is no skin reaction in twenty minutes an intramuscular injection 
of 1500 units is given to an adult patient. If the patient is sensitive to 
horse serum, he is desensitized by giving small amounts subcutaneously at 
half-hour intervals. The doses are graduaily increased until the full amount 
is given. Adrenalin is given to combat any untoward reaction (Daland). 

The dose for prophylactic injections for an adult is 1500 units. This 
should be given intramuscularly either into the thigh or the abdominal 
wall muscles. This prophylactic dose should be repeated in eight to ten 
days and again in sixteen to twenty days. The immediate administration 
of tetanus antitoxin is more effective than a late dose. Give antitoxin at 
once after the injury. A child receives a smaller dose. 

The repetition of the original dose should be unnecessary unless there is 
a strong suspicion that the wound has been contaminated by tetanus-bear- 
ing soil. 

The taking of specimens for culture: Specimens should be taken both 
for direct examination by smears and for culture. 

If any sign of tetanus appears in a given case the wound should be laid 
widely open, every part of it cleaned and drained, and peroxide of hydrogen 
freely used in the wound. Large doses (50,000 units) of antitoxin should 
be given subcutaneously, intramuscularly, and intrathecally. 

In the treatment of a developed case of tetanus, the following general 


principles should be carried out: 
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1. The primary focus of infection (in a compound fracture, the wound) 
should be laid wide open, thoroughly débrided, and left open. The condi- 
tion of the fracture becomes, in the presence of tetanus, of secondary im- 
portance. The wound should be very lightly packed with gauze saturated 
with hydrogen peroxide, and this should be changed every hour. The 
dressing must be not bandaged on; the wound should be, save for the above- 
mentioned packing, open to the air. 

2. The patient should be in a darkened room, with the best available 
special nurses. Various sedatives may be employed—morphine, bromides, 
paraldehyde, etc.; or, in convulsions, ether. I believe that luminal, in 
doses of from 114 to 3 grains every three hours, is of value. Feeding will 
have to be carried out according to the patient’s ability to take food. If 
it can be given by mouth, well and good; if not, recourse may be had to 
feeding through a nasal tube; to rectal, intravenous, and subpectoral 
alimentation. 

3. The use of antitoxin: 

(a) At entrance inject 1500 units around the wound, 30,000 units intra- 
venously, and 10,000 units intraspinally. 

(6) In twelve hours repeat the 30,000 units intravenously. 

(c) In twenty-four hours repeat a. 

(d) In thirty-six hours repeat b. 

This will total 143,000 units in the first forty-eight hours. From now 
on the dosage will depend on the patient’s condition. The intravenous and 
intraspinal injections should be given under a general anesthetic. The 
doses for small children may be a little less than the above, but not very 
much less (Richard Miller) . 

The control of convulsions is important and may be safely secured by 
proper doses of avertin; 60 to 80 mg. per kilogram of body weight is an 
efficient dose. 

Sterilization of the Surrounding Skin.—It is very important during the 
skin sterilization that further contamination is not carried into the wound 
from without. The cleansing should be carried on centrifugally from the 
wound, not toward it. 

The skin should be washed with sterile green soap and water, shaved, 
washed carefully with alcohol, 70 per cent, and then washed with benzene. 

In case the skin is soiled by grease and oil, I find that this is most easily 
removed by the use of liquor sodae chlorinatae (chlorinated soda), about 
1 part to 30 of water. This seems to cut the grease and facilitate skin 
cleansing. 

This preparation is followed by thoroughly covering the skin with tinc- 
ture of iodine, full strength, or by a 5 per cent picric acid in alcohol (Beek- 
man) or by Harrington’s solution (acid bichloride solution) . 

Harrington’s solution is composed of: 


Corrosive sublinmrater., cae: Sees ca eh ee nee ne en 1.5 Gm. 
Hy drochloriciacid tee. fet 5c dunt se ete tien Se ieee eh nah ere ee ee 100 ce. 
Gaye rin. eee usd ar Se tec eee ence rete VTA acco ts enn 100 “ 
Alcohiol.(95; percent) As see ee ee 1200 ‘ 
Distilled: water ® 08>. ay Ste eae et ee de 2000 “ 


I personally use the tincture of iodine for final skin sterilization. 
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I take the precaution after operation to wash away all the tincture of 
iodine—easily removable by bathing the skin with alcohol, 70 per cent. 
Thus will be avoided the irritation from the iodine of sensitive skins. The 
sensitiveness to iodine is not often found. If it does exist, however, it is 
especially distressing to patient and surgeon. 

The Extent of Sterilization of the Skin—In the limbs the sterile prep- 
aration of the skin should extend to include the joint above and below the 
seat of the fracture; thus is ensured a wide sterilization. 

A foot and ankle or a hand and wrist, if not needed in the operative 
field, should be covered respectively by special Canton flannel, sterile, loose 
socks tied on, and by gloves so fastened that they are not readily dislodged 
in the subsequent manipulations necessarily attending operation. 

The Mechanical Cleansing of the Wound.—First Step.—If the wound is 
associated with severely lacerated tissues, this consists in: 

1. The removal of all blood clot and foreign material (clothing, etc.) . 

2. The excision of ragged, bruised, or devitalized skin edges. 

3. The excision of dead muscle, strips of fasciae, edges of ligaments, etc. 

4. The removal of bits of bone that are entirely separated and loose 

and free from all tissue connection. 

The dirtier the wound, the more thorough must be this step. At the 
conclusion of this step the wound should be thoroughly flushed with sterile 
warm salt solution. The edges of the wound should be gently retracted so 
that every part of the wound may be cleansed. All this mechanical 
cleansing resulting in a relatively clean wound is done with one set of in- 
struments. 

Second Step—This should be done with fresh sterile instruments un- 
used in the previous step. 

1. The surrounding skin should again be chemically sterilized. 

2. The edges of the wound should be protected by freshly applied ster- 

ile towels held by numerous towel clips. 

3. If a tourniquet was used for the first cleansing, it should now be re- 

moved and all bleeding vessels ligated with fine chromic catgut. 

Chemical Sterilization of the Wound Already Made Grossly Clean.—lIf 
the wound is obviously infected, having been received more than eight 
hours previously, it should be cleansed by means of small swabs of gauze 
dipped in green soap, and the entire wound should be washed with ben- 
zene, followed by alcohol, and finally by ether. A wound thus carefully 
cleansed step by step in every nook and cranny will be as nearly sterile as 
it is possible to make it. 

Cleansing of the Fractured Bone Fragments.—Mechanical Cleansing. 
—Scrubbing of the bone with a sterile nail-brush and green soap is to be 
followed by the use of bone forceps or rongeurs and a curet in order to 
free the bone thoroughly of the gross dirt ground into its fibrous covering 
and even into the very bone itself. 

Chemical Cleansing —After the use of green soap with the soft part 
wound protected, the bone may be sterilized by swabbing carefully with 
alcohol, 70 per cent, followed by ether. The materials employed in the 
sterilization of the wound will vary with the surgeon’s experience. 

It may be necessary to cleanse the bone by use of the rongeurs and a 
curet so carefully as to completely freshen the bony surfaces. 
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Carrel Treatment.—The wound should be left wide open. The Carrel 
treatment should be installed at once. The Carrel tubes are placed in every 
pocket and cavity. Dakin’s solution is thus permitted to flow every two 
hours freshly into every recess of the wound (see p. 245 for Carrel Treat- 
ment). 

The Treatment of the Fracture: 

1. By suspension. 

2. By reposition. 

3. By traction. 

4. By direct fixation with or without traction. 

All compound fractures should be treated by suspension, preferably in 
a Thomas splint or its equivalent. 

1. In a few cases the mere reposition of the displaced fragments will 
lock and hold the fracture reduced. These cases will be few in 
number. 

2. In most cases the fragments cannot be held by mere reposition and 
slight impaction. 

3. Traction applied to the (a) skin, or (6) skeletal traction, or 

4. The direct application of plate or screw, or nail or wire, will be 
needed to maintain reduction. 

(a) If the soft part wound is so situated that adequate skin traction 
can be effectively used it may be employed. 

(6) If the wound precludes the application of skin traction and the 
type of fracture cannot safely be entrusted to skin traction, then 
skeletal traction is the method of choice. Traction will be fur- 
nished by the use of a Steinman nail or Kirschner wire. 

5. Should the fracture be difficult to hold satisfactorily by either direct 
reposition and locking, or by skin traction or by skeletal traction, 
then direct nonabsorbable plate fixation, etc., may be used. 

Screws used in compound fractures should include the proximal cortex 
only. They should not transfix the bone (Sherman) . 

A compound fracture wound is not more liable to the spreading of in- 
fection, because the bones are held in exact apposition by a steel plate and 
screw. Union will begin in the bone some time probably before the infec- 
tion is completely controlled. The repair in the soft parts goes along, pari 
passu, with the repair in the bone. The plate will be exposed at the bot- 
tom of the wound in certain cases and the gross reparative process in the 
bone be in full view. 

After the plate or direct fixation appliance (nonabsorbable screw, nail, 
etc.) has served its purpose, it may be removed, that is, after four or five 
weeks following its insertion. 

The Closure of the Soft Tissue Wound.—The closure of the soft wound 
will depend on one thing only, that is, whether bacteriological examination 
proves it to be clinically sterile (see Carrel-Dakin Treatment, p. 245). 

Wounds of the soft parts associated with fractures group themselves 
into three main classes: 

1. Small punctured wounds from within out obviously not infected 
seriously, coming to the surgeon before the lapse of eight hours. 

2. Wounds which probably are infected and which are associated with 
considerable laceration of soft parts. 
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3. Obviously badly infected wounds which have remained over eight 
hours without adequate treatment. 

_ Primary suture of a wound means its immediate closure after its dé- 
bridement and sterilization. Delayed primary suture means the closure 
of a wound after it has been sterilized before granulation tissue has ap- 
peared in any amount. Secondary suture means closure of surfaces already 
granulating. 

Primary closure may be used in Group 1, or such cases may be allowed 
to heal without direct suture of the soft parts. Any attempt at complete 
closure of the soft tissue wound associated with a fracture of the con- 
tiguous bone may be disastrous. Such closure is to be avoided excepting 
in Group 1. 

Secondary closure of the wound is the method of choice in Groups 2 
and 3. This may be accomplished by either adhesive strapping or suture. 





Fig. 250.—Case of severe crush of left Fig. 251.—Same case as Fig. 250 showing 
thigh. Compound comminuted fracture of the the convalescent Thomas-like splint with a 
left femur. One third of skin and fascia of joint at the knee, allowing movement at the 
thigh destroyed by the crushing injury. Op- knee as indicated. (Berg, Pittsburgh.) 
eration. Bone plate to femur. One year later 
left lower extremity practically normal in joint 
movements and usefulness. (Berg, Pittsburgh.) 


There may be a few cases of compound fracture in which it will be 
wise after providing suspension in a Thomas splint and steadying traction 
of some sort, to delay the direct bone-plate fixation until the Carrel treat- 
ment has rendered the wound clinically sterile. 

The Carrel-Dakin treatment of infected wounds is the most satisfactory 
method at the disposal of the surgeon. 

The corollary to the sterilization of the wound is its closure, but a wound 
should never be closed without knowing what it contains. 

Suture of a wound enclosing microbes may be followed by downright 
disaster. It is, therefore, only after having carefully looked into the bac- 
teriological condition of a wound that one may bring its edges together 
by strapping or suture (Carrel and Dehelly). 
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Fig. 252.—The instrumental outfit for the application of the Carrel-Dakin technic in wound 
infection: a, Standard; b, reservoir for fluid; c, primary conducting tube; d, stopcock, to control 
flow of fluid; e, glass connector, uniting primary and secondary tubes, and showing the rate of 
flow; f, secondary conducting tube, intervening between connector and distributor; g, glass 
distributors; h, h, rubber distributing tubes, for delivering the fluid into the interstices of the 
wound—to the ends of some of which threads are tied for anchoring the tubes in the wound. 
(From Bickham, Operative Surgery, vol. i.) 








Fig. 253.—Glass distributors: A, Single-way distributor (which should be shown with the 
smaller end downward, to be in conformity with the others); B, Y-shaped, or two-way distributor; 
C, six-way distributor. The Y-shaped distributor is here shown as used for interpolation between 
the rubber conducting tubes; if it is to be used in connection with the rubber distributing tubes 
the ends of the Y piece should be smaller. (From Bickham, Operative Surgery, vol. i.) 
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The employment of the Carrel-Dakin method in a wound supplements 
the attempted mechanical operative instrumental débridement by a chem- 
ical débridement. 

The Technic of the Carrel-Dakin Method of Sterilizing of Recently 
Infected Wounds.—This method aims at the chemical sterilization of the 
tissues. A chemical débridement of the wound by means of a continuous 
or frequently renewed application of Dakin’s solution by means of specially 
prepared and specially arranged rubber tubes that supply every part of the 
surface of the wound with antiseptic solution. The Dakin solution is a 
solvent of dead tissue. 
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Fig. 254.—Single-tube rub- Fig. 255.—Loop-distributor, or rubber instillation tube, 
ber instillating or distributing attached to a Y-shaped glass distributor. (From Bickham, 
tube attached to a single-tube Operative Surgery, vol. i.) 
glass distributor, and tied at the 
distal end: the rubber tube is 
perforated in its lower part. 

(From Bickham, Operative Sur- 
gery, vol. i.) 





Important in the use of this method are: 

1. The preparation of the Dakin solution or the selection of a previ- 
ously prepared stable solution. The hyclorite made at the General Lab- 
oratories, Madison, Wisconsin, is a stable solution from which Dakin solu- 
tion may be safely and accurately made (p. 250). 

2. The arrangement of the Carrel tubes, which will ensure a flooding 
of all parts of the wound surface with the fluid. The ends of the tubes 
should be higher in all instances than the low point in the wound. 
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Fig. 256.—Glass four-way distributor, to which Fig. 257.—Distributing tubes, con- 
four rubber distributing or instillation tubes are at- nected with a Y-shaped distributor, 
tached: The lower portions of the latter are perforated above, and tipped with Turkish towel- 
for the escape of fluid laterally, their ends being tied ing, tied to their tips below. (From 
to prevent the rapid escape of fluid. (From Bickham, Bickham, Operative Surgery, vol. i.) 
Operative Surgery, vol. 1) 





Fig. 258.—Hand flask for the Dakin solution—and pipet syringe—for testing the perviousness 
of the individual distribution, or instillation tubes, before the wound is closed by dressing. 
(From Bickham, Operative Surgery, vol. i.) 
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3. An arranged supply of the solution that will guarantee a continuous 
flow of the fluid. 











Fig. 259.—Distributing tube in a wound with an upward opening, upon the anterior aspect 
of the body. The cup-shaped nature of such wounds mechanically holds the fluid in contact with 
the wound surfaces and recesses. (From Bickham, Operative Surgery, vol. i.) 
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Fig. 260.—Towel-covered end of distributing tube in a wound with downward opening—the 
outflow (and consequent ineffectiveness) of fluid being prevented by the Turkish toweling tied 
around the distributing tip, and by gauze lightly packed into the outer wound opening. (From 
Bickham, Operative Surgery, vol. i.) 


As the quantity of the fluid used is small in twenty-four hours, it is ab- 
sorbed by the dressing and evaporates. The antiseptic is carried to the 
deepest recesses and diverticula of the wound. 


248 COMPOUND OR OPEN FRACTURE 


Apparatus required for Carrel-Dakin irrigation: 
1. A series of conducting tubes. 

2. A series of distributing tubes. 

3. A reservoir for the fluid (Figs. 264, 265) . 


CER POR ER 





it ea 


Fig. 261.—Dressed wound, with the distributing tubes passing through the dressing. The 
secondary rubber conducting tubes (or the glass distributors) are anchored to the dressing by 
means of safety pins. (From Bickham, Operative Surgery, vol. i.) 


The conducting tubes are of rubber. There are three varieties: 

1. Tubes perforated with small holes. 

2. Tubes with a single opening. 

3. Tubes perforated with small holes and covered with absorbent gauze. 

The distributing tubes are of glass and are connected with the tubing 
of the reservoir of fluid and with the conducting tubes. There is the Y- 
shaped tube and there are tubes with two, three, or four stems. 
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Fig. 262.—A wound of the arm, Carrel-Dakin treatment. Note tubes to wound. Arm suspended 
by splint. (Carrel.) 


The reservoir is a flask, the container fastened at a certain height above 
the wound with a tube and stopcock attached. 

The tube from the reservoir connects through the distributor with the 
conducting tubes. 
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The arrangement of the tubes in the wound: 

They must lie in actual contact with the tissues. 

The fluid through gravity must flow over the whole extent of the wound 
surface. 

These tubes are held in place by gauze compresses soaked in Dakin’s 
solution. When the tubes are in place they are held by compresses. Addi- 
tional compresses hold those lying next to the wound. The adjacent skin 
surface is protected from being continuously bathed in the sometimes 
shghtly irritating fluid by compresses covered with yellow sterilized vaselin. 

The dressing is completed by large absorbent cotton compresses. The 
compresses are enclosed in sterile cheesecloth or gauze layers. The secre- 
tions are absorbed by this dressing. The solution will thus be partly lost 
by evaporation. No bandage is used. The dressings are held by swathe 
and safety pins (Fig. 268). 





Fig. 263.—A wound of arm, Carrel-Dakin treatment. Note tube to the wound supported by pins 
to prevent withdrawal of tube. Occlusion dressing. Arm supported in splint. (Carrel.) 


The distributing tubes lie on the outside of the dressing and are held 
also by safety pins (Figs. 262, 263). 

In intermittent installation of the fluid the pinchcock is released for a 
few seconds every two hours (Fig. 265). 

The total quantity injected at each time will vary somewhat with the 
size of the wound—usually 20 to 100 cc. are used. During the twenty-four 
hours some 250 to 1200 cc. will be used. 

The caliber of the rubber tubing is so calculated as to give an equal 
distribution of fluid through all the tubes. 

There should be no overflow. There should be no pain. The steriliza- 
tion of a wound should be followed, of course, by its closure. But a wound 
should never be closed until one knows what it contains. Suture of a 
wound containing bacteria may be followed by serious trouble. It is, 
therefore, only after the bacteriological study of a wound that one may 
safely approximate its edges. 

This Carrel-Dakin-Dehelly method of treating septic wounds is most val- 
uable. Its introduction marks a new era in wound treatment. The method 
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relies little on the patient’s own recuperative powers during the first few 
days of the critical period. It is the most rapid method known of steriliza- 
tion and rendering fit for secondary closure an infected wound. The dress- 
ings are painless—a marvelously valuable asset in the care of a sensitive, 
shocked, wounded, and discouraged man. The convalescence following this 
treatment is more rapid than convalescence following other methods of 
treatment. 





Fig. 264.—Carrel-Dakin treatment in case of compound fracture of the bones of the leg. 
Note glass container holding Dakin solution, the tubing leading to the tiny perforated rubber 
tubes in the wound. Note the ample absorbent dressing. (After Carrel.) 


The standard solution from which Dakin solution may be made up— 
manufactured by General Laboratories, Madison, Wisconsin—hyclorite 
(concentrated sodium hypochlorite’) : 


Per cent. 
Sodiummhypochlorite 75: cx.0cr ae cog tee 4.05 
Sodiurn: chlorideys 50.65 4. = 2a Se ee ee On ce eee 3.20 
Inert ingredients: .,... “seri Ghias oich aerate ee eee area 92.75 
Alkalinity: (calhyd's) S25 oes Soccer seen ene ee $ 


To Make Daktn’s SoLutTIon 


Dakin’s Solution—To make a hyclorite solution equal in hypochlorite strength to 
Dakin’s solution (0.45 to 0.50 per cent NaOCl) dilute 1 part of hyclorite with 7 parts of 
water. Allowance should be made for approximately 12 per cent per annum decrease in 
hypochlorite content of hyclorite, that is, if one year old add 6 parts of water to 1 part of 
hyclorite. The date of preparation is stamped on every package of hyclorite. 

A solution so made will have the correct hypochlorite strength (NaOCl 0.45 to 0.50 
per cent) and will be free from caustic alkalis. It will be found decidedly less irritating 
than Dakin’s solution made by other methods. In fact, surgeons report that they find it 
practically unnecessary to protect skin edges with yellow petrolatum as in the case of solu- 
tions made by other methods. 


1 Accepted by the Council on Phar. and Chem. of A. M. A. (N.N. R.). 
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__ Fig. 265.—Carrel-Dakin treatment. Nurse seen allowing a little Dakin solution to flow 
(ae ae tube each two hours during the day to keep wound constantly bathed in the antiseptic. 
arrel. 





& 


Fig. 266.—Carrel-Dakin treatment of a compound fracture of leg. Note the rubber Carre 
tube held by adhesive plaster in the wound. (Carrel.) 
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Where especially rapid solvent action is desired in using Carrel technic on necrosed 
areas, dilute hyclorite as directed above, and then add 20 Gm. sodium bicarbonate to each 
gallon of Dakin’s solution so made. Filter solution. 


The accurate open reduction and plating of a compound fracture in 
addition to the use of the Carrel-Dakin method of wound sterilization to 
the wide open wound tends toward rapid union without infection. 





Fig. 267.—Carrel-Dakin treatment. Compound fracture of leg. Note the Carrel tube lying 
in the wound. (Carrel.) 





Fig. 268.—Carrel-Dakin treatment. Note large absorbent and occlusion dressing; tube seen 
entering dressing on upper side. (Carrel.) 


SEES So i 2 SS 3 bil 








In the experience of the Sherman Clinic in Pittsburgh, Pa., this method 
of treatment of compound fractures avoids infection, nonunion, septicemia 
and death. Functionally useful limbs result following this treatment. 


1G. V. Foster: Surg., Gynec. and Obst., Vol. 56, Feb. 15, 1933. 


CHAPTER XIV 


TRAUMATIC SHOCK AND THE GENERAL CONDITION OF 
THE PATIENT 


Norman E. Freeman, M.D. 


In the treatment of a fracture, the specific injury is not the only con- 
dition which must be considered. The general condition of the patient 
frequently presents the more urgent problem, particularly in multiple or 
massive injuries. The functional and anatomical results of manipulation 
may be excellent but are of no avail if the patient succumbs to one of the 
complications of his injury. The individual himself, the vicissitudes to 
which he is exposed and the manner in which he reacts to these stimuli are 
all significant in the consideration of the general condition of the patient. 

Up to the present time there have been no objective data upon which 
to form an opinion as to the general condition of the patient. Many de- 
viations from the normal have been described. It is recognized that a 
low blood pressure and a rapid pulse rate are generally associated with a 
poor condition. So also are gross alterations in the blood chemistry. Indi- 
viduals may be found, however, in whom the blood pressure, pulse rate 
and blood chemistry are normal. The competent surgeon still may state, 
with conviction based on experience, that this same individual is not in 
good general condition. The volume and character of the pulse, the tem- 
perature and color of the skin, the presence or absence of sweating and 
the state of mind of the patient are all taken into consideration by the 
surgeon. With an understanding of the background of the patient and 
the severity of his injuries, an estimate of his general condition is made. 
Treatment is instituted on the basis of this concept. Such an evaluation 
is admittedly empirical and varies widely in different individuals. In or- 
der to have a more objective standard which may reveal earlier stages of 
inadequacy in the resistance of the individual, quantitative physiological 
measurements are necessary. 

The human body, for purposes of classification and investigation, has 
been divided into its functional and anatomical parts: the neuromuscular 
system, the cardiovascular and respiratory systems, the digestive and ex- 
cretory systems. The individual, however, works as a whole. All these 
component systems are related to one another in the adaptation of the 
organism to its internal and external environments. It is clear that the 
failure of any one organ system leads to the destruction of the whole. Con- 
siderable attention has been paid to the isolated organ systems in the eval- 
uation of the surgical risk. Grave cardiac, renal, pulmonary and nutritive 
disturbances definitely prejudice the chances for recovery of the patient. 
And yet, disaster may occur, particularly in the field of traumatic surgery, 
in which no one organ system is primarily involved. In such cases, the 
surgeon ascribes the fault to the “poor general condition” of the patient. 
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The tissues of the body are dependent for their existence on the supply 
of oxygen and nutritive substances and the remoyal of the products of 
metabolism. It is through the circulation of blood that these processes 
are carried on. From the standpoint of the surgical risk, particularly in 
the presence of a severe injury, it is our belief that the state of the periph- 
eral circulation offers the most reliable index to the general condition of 
the patient. 

Judgment based upon experience is essential in the evaluation of the 
surgical risk. In the following paragraphs some of the fundamental prin- 
ciples will be discussed. These principles may assist the surgeon in the 
correlation of his own experience. 

Previous work, both clinical! and experimental,? has indicated that a 
reduction of circulation to the peripheral tissues is a dominant feature of 
surgical shock. The blood supply to the periphery is nicely regulated by 
an intrinsic mechanism which accurately cares for the metabolic needs of 
the tissues.2 In addition to or superimposed upon this local control, the 
vasomotor system regulates the circulation in accordance with the de- 
mands of the body as a whole. The needs of the local tissues are thus 
subordinated to the demands of the central organism. It is the deprivation 
of the peripheral tissues of blood which has been found to be character- 
istic of surgical shock. 

Loss of blood and traumatic stimuli are the two most important factors 
which depress the circulation. Since surgical shock is characterized by a 
deficiency in blood flow, prevention lies in the avoidance of conditions 
which produce a reduction in circulation. Treatment of shock should be 
directed toward the reestablishment of the flow of blood to the tissues of 
the body. 


(A) LOSS OF BLOOD VOLUME 


Blood loss is probably the most important and most frequent etiolog- 
ical factor in the production of shock. The circulating blood volume may 
be reduced not only through external hemorrhage but also through loss of 
blood or plasma into traumatized areas.4 The importance of a concealed 
loss of blood volume cannot be overemphasized. In addition, if the cir- 
culation has been seriously reduced by other means, stasis of blood may 
occur and the blood volume will be reduced by loss of plasma through 
asphyxiated blood vessels.° Dehydration from sweating or loss of body 
fluids also may bring about a reduction in blood volume.® Reestablish- 
ment of an adequate volume of circulating blood is clearly necessary. 
Transfusion of properly matched blood is the most effective method. 

The administration of glucose or saline solutions intravenously or sub- 
cutaneously in the prevention and treatment of shock is a useful temporary 
measure which may suffice but too great reliance should not be placed upon 
it. The plasma proteins through their colloid osmotic pressure prevent 
the escape of fluid from the blood vessels. When the blood volume has 
been reduced there has also been a loss of plasma proteins. This loss is 
particularly facilitated by the increased capillary permeability which is 
probably present in shock. Not only is this type of therapy frequently 
without lasting benefit but actual harm may be produced through the pro- 
duction of pulmonary edema. 
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The blood volume may well be restored by forcing fluids by mouth and 
by rectum. There is evidence that fluids administered by the gastro-intes- 
tinal tract are better handled by the body than when given parenterally.7 
Care should be exercised, however, in the amount taken by mouth in the 
presence of suspected paralytic ileus. This condition will be discussed later. 

The systolic blood pressure is not a reliable indicator of the volume or 
the circulation of the blood. In fact, through vasoconstriction the blood 
pressure in the larger arteries may be increased as the vascular bed is con- 
tracted. At the same time, because the arterioles are constricted, the dis- 
tribution of blood to the peripheral tissues may actually be diminished. 
The character of the pulse is far more important. Its fulness denotes an 
adequate amount of blood in the arteries and slowing generally is associ- 
ated with a relaxation of the constriction of the arterioles. 

Treatment should be directed toward the reestablishment of an ade- 
quate blood flow. The results of therapy also should be judged from this 
standpoint. Recovery is manifested by improvement in the quality of the 
pulse, by an increase in the warmth of the extremities, and by the disap- 
pearance of pallor and cyanosis. 

Thirst 1s an early and consistent indication of a reduced blood volume. 
If sufficient attention is paid to this symptom, treatment may be insti- 
tuted earlier before irreversible changes in the vascular system have been 
produced. 

The time factor in traumatic shock is of great significance. Prevention 
and early treatment are essential for success. Whereas the harmful effects 
of a short period of inadequate circulation are not serious, it is generally 
recognized that if this condition is prolonged, certain changes take place 
which render treatment less and less effective. If fully developed surgical 
shock persists, treatment is of no avail. 


(B) TRAUMATIC STIMULI 


Traumatic stimuli reduce the circulation to the tissues. Quantitative 
studies in patients have demonstrated a significant reduction in the volume 
flow of blood under the influence of pain, cold, and fear The harmful 
effects of these factors have been well recognized on empirical grounds. 
Physiological studies merely afford a scientific explanation for the facts 
which are generally recognized. Therapy is self-evident and is the accepted 
practice. Sedatives, warmth and reassurance are basic in the treatment of 
surgical shock. 

Particular attention should be directed to the fact that wnconsciousness 
does not exclude the harmful effects of trawma on the patient’s general 
condition. Even though no conscious expression to the traumatic stim- 
ulus is apparent, the harmful physiological reactions take place. An under- 
standing of this mechanism confirms the dictates of experienced surgeons 
with regard to the gentle handling of tisswes and the protection of the 
nervous centers by the use of local anesthetics. 

The use of stimulating drugs is harmful i the treatment of surgical 
shock. Adrenalin and ephedrine do raise the blood pressure but only at 
the expense of the circulation of the blood to the peripheral tissues. Since 
shock is characterized by just such a deprivation, the administration of 
these stimulating drugs merely serves to accentuate the harmful process. 
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Great care should be exercised before removal of a tourniquet. While 
the tourniquet is on, the tissues distal to the point of application have 
become asphyxiated. The blood vessels are all maximally dilated and their 
permeability has been increased. As soon as the obstruction to the ar- 
terial inflow is removed, the vascular bed is increased and the central blood 
pressure may exhibit an alarming fall, particularly in the face of an already 
depleted blood volume. In addition, a further loss of plasma may take 
place through the asphyxiated vessels of the limb. Precautions should be 
taken both to prevent further hemorrhage and to administer blood or fluid 
to compensate for the disparity between blood volume and vascular 
capacity before the tourniquet is released. 

Manipulation of a fracture is always harmful to the patient who is m 
surgical shock. If the blood pressure is just being maintained by vaso- 
constriction in the face of a diminished blood volume, the additional trauma 
of manipulation will cause a fall in blood pressure and further diminution 
of circulation. The exact mechanism of this reaction is not clear. It may 
be a “depressor” response from the local stimulation. It may be further 
local vasodilatation in the injured area or further loss of blood into the 
traumatized region. Avoidance of trawma is absolutely vmperative in the 
treatment of fractures. Hence the warning is sound—“splint them where 
they lie!” 

Transportation of the injured is always hazardous, before the circula- 
tion has been balanced. This fact was particularly emphasized by clinical 
studies on surgical shock during the World War. Cannon® gives the fol- 
lowing classical account of the development of secondary shock: “I well 
remember seeing some wounded men shortly after they had been bombed 
on a road in the St. Mihiel salient in September, 1918. One of them espe- 
cially attracted my attention, a man with his right arm torn away by a 
bomb fragment. His pulse and general appearance at the time were satis- 
factory. That evening at a mobile hospital, where he arrived after a long 
journey, he was in profound shock.” 

Precise judgment is necessary in the determination of the time factor 
im surgical shock but the following principles may serve as guides for the 
correlation of experience: 

1. The immediate condition of the patient may be estimated from his 
pulse, blood pressure, color, presence or absence of sweating and 
thirst. 

2. The loss of blood, apparent or concealed, should be considered. 

3. The severity of the trauma and the intensity of the patient’s reac- 
tion to the injury are significant. 

4. The patient’s age, nutrition and past habits are of importance in 
the estimation of his resistance to the effects of a diminished 
circulation. 

It should be recalled that a “blood flow debt” has been created when 
the tissues have been deprived of an adequate circulation. Time is re- 
quired for the body to catch up. With a realization of the process which 
has been taking place the surgeon is in a position to know when the neces- 
sary transportation or manipulation may safely be effected. 

Certain of the complications of surgical shock are sufficiently frequent 
to merit discussion under this title. If the circulation has been seriously 
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depressed for long, the blood supply to the vital organs may have been 
impaired. Evidences of brain injury may be encountered, particularly in 
patients of advanced years. The heart may also have suffered from a pro- 
longed period of low blood pressure. These complications are more to be 
feared in patients with a preexistent hypertension. 

When the nutrient flow to the tissues has been reduced, particularly if 
the patient remains immobile in one position, the probability of decubitus 
ulcers is greatly increased. This complication is more apt to occur also in 
older patients in whom the blood supply to the tissues is barely adequate 
even under normal conditions. 

Abdominal distention is a frequent accompaniment of massive injuries, 
particularly of the trunk. There may be some direct action from trauma 
in the region of the splanchnic nerves. This condition probably arises more 
frequently from reflex inhibition of gastro-intestinal motility. The same 
stimuli which bring about the reduction in circulation in traumatic shock 
also produce this reflex inhibition. Therapy in the two conditions is the 
same. In the prevention of distention care should be exercised in the lim- 
itation of food and fluids by mouth until the functional continuity of the 
intestinal tract has become established. The presence of peristalsis and 
the passage of gas by rectum can be regarded as evidences of such an 
integrity. 

Anuria also may develop after severe injuries. This condition may be 
associated with a reduced blood volume secondary either to loss of blood 
or to dehydration. In addition, nervous reflex mechanisms from traumatic 
stimuli may be active. In the treatment, particular emphasis should be 
placed upon assuring the patient of sufficient fluid to excrete urine and an 
adequate circulating blood volume. 

Pneumonia is a complication to be feared, particularly in the elderly 
patient. It is recognized that its incidence is higher in the patients who 
are in poor general condition but the exact mechanism of its production 
is still unknown. Hypostatic congestion from remaining in one position 
favors its development as also does diminished respiration. Frequent 
changes in position and early mobilization of the patient are effective in 
its prevention. If the patient cannot be moved, urging him to take deep 
breaths and to cough may prevent atelectasis. The seasonal incidence of 
pneumonia, between December and April, has much to do with the severity 
of the infection. . 

The problem of surgical shock is thus seen to rest upon the reduction 
in circulation to the peripheral tissues. Preventive measures should be 
directed toward the elimination of those factors which have been shown 
to depress the circulation. Treatment should be directed toward the re- 
establishment of an adequate supply of blood to the tissues of the body. 
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CHAPTER XV 
THE OPERATIVE TREATMENT OF FRACTURES 


In these pages are given acceptable methods of treating the ordinary 
fractures of civil life by nonoperative procedures. In the chapter dealing 
with each fracture are mentioned conditions under which operation might 
be indicated. In the following pages are presented: 

The principles of the nonoperative versus the operative methods of 

fracture treatment. 

The qualifications of a surgeon for operative work. 

The details of the conduct of an operation. 

The methods of direct fixation. 

The operative approaches to bones. 

The methods of skeletal traction. 

Special operations. 

A summary of fractures often operated upon. 





Fig. 269.—Fracture of the shaft of humerus in the upper third. This fracture is often impossible 
to reduce without operative assistance. 


Thus here the operative method of treating fractures is presented by 
itself as a system of treatment independently of the advisability of its being 
applied to any particular fracture. An important chapter of general 
surgery. 

Principles of the Nonoperative and the Operative Methods of Treating 
Fractures.—There are certain basic principles of the treatment of frac- 
tures which are common to all methods, whether these methods are 
classed as operative or nonoperative. They are: 

1. Perfect anatomical reposition, other things being equal, should result 
in perfect function. 

2. Moderate restitution of form, poor anatomical replacement, lead to 


poor function. 
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3. A certain variation from the normal anatomical reposition may result 
in perfect function. 


The separation or displacement of the fragments of a fracture is 
caused by: 


1. The force which broke the bone, the fragments will be pushed away 
from each other, displaced. 


2. The weight of the limb will act to carry certain fragments out of line. 





Fig. 270.—Fracture of the surgical neck of Fig. 271.—Fracture of the shaft of the hu- 
the humerus with displacement of both frag- merus in the lower third. Approximation 


ments. Reduced most intelligently if assisted | most accurately secured through operation. 
by an incision. 





Fig. 272.—Fracture at the epiphyseal line Fig. 273.—Fracture at epiphyseal line 
of the lower end of the humerus. Reduction of lower end of the humerus. Lateral view of 
may be very much facilitated by an incision Fig. 272. 
and direct digital pressure and instrumental 
leverage on the fragment of the epiphysis. 


3. The contraction of muscles and, most important, the retraction of 
fascial planes and bands will continue to separate and hold fragments 
apart. 

The principles of the operative treatment of fractures are: 

1. The direct approach to the broken bone through a wound of the soft 
parts. 

2. The immediate direct application to the bony fragments of traction, 
countertraction, leverage, manipulation, and pressure. 
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3. The fixation of replaced fragments by fortunate position, or by ab- 
sorbable or nonabsorbable materials. 

__ 4. The early practice of massage and active and passive movements of 
joints. 

The greatest success of the operative method depends on its early 
employment. Its early employment means ease in application, less damage 
to soft parts, a less complicated operation, less shock to the patient, less 
disturbance to the osteogenetic processes, less likelihood of nonunion. 

The early employment of the operative treatment is fundamental to its 
greatest success and efficiency. 





Fig. 274.—The Lowman-Scudder bone-holding clamp. Note the movable, hence adjustable, 
third arm of the clamp. 





Fig. 275.—Lowman-Scudder bone clamp, side view. Note screw mechanism for moving third 
arm of clamp. 


The results of the operative treatment of closed fractures are being well 
recorded in increasing numbers. The operative method is a well-estab- 
lished method (p. 259). There are very definite indications for its use. 

There are certain fractures which should be treated by operative 
methods: 

(a) Those fractures having received early traction treatment with at- 
tempted fluoroscopic reduction which remain so unreduced that union is 
problematical or that subsequent normal function is unlikely and which can 
be made anatomically correct. This group of cases will be assembled after 
one week or ten days of the accident—they are recent fractures. 


262 THE OPERATIVE TREATMENT OF FRACTURES 


See remarks on the harm from repeated attempts at reduction with 
and without fluoroscopic assistance. 

(6) Cases which cannot be held reduced. 

(c) Cases which can be assured better function by operation—based on 
accumulating experience. This group is increasing. In many cases the 
preliminary try at reduction “is not worth while’—“is unnecessary”—it 
has been so many times proved impossible. 

(d) Compound fractures of a certain type. 

(e) Certain fractures which should have been operated on at the very 
first, but in which operation has had to be postponed because of an asso- 
ciated septic wound, injured skin from adhesive plaster traction, faulty 
union from misapplication of the nonoperative treatment, nonunion from 
a similar cause. 

(f) Fractures solidly united having persisting sinuses leading to 
various sequestra. The sequestrum must be removed to insure wound 
healing. 

(g) Unusual cases in civil life of open fractures with nonunion, having 
an actual loss of substance between the fracture ends, in which a “step 
cut” or bridge grafting operation is indicated. 

At the outset, immediately upon the receipt of the injury, all fractures 
call for with an ever increasing demand one treatment (closed or open) 
to the exclusion of the other treatment (open or closed). 

With the known efficiency and shortcomings of each method of treat- 
ment recognized, with the known conditions of any given fracture fully 
understood, it is possible logically to choose at the outset one method of 
treatment which may be instituted and carried out consistently to the 
conclusion of treatment and with the maximum benefit to the individual. 
I have no patience with those who today oppose either method of treat- 
ment. Both methods are efficient and desirable from the outset. Both 
methods demand the highest surgical acumen and skill. 

The operative treatment of fractures stands as a method of treatment 
to be chosen for what it can positively accomplish. It should not be looked 
upon merely as a last resource, to be employed when all other methods fail. 
It is often, and will increasingly be, a first resource. The operation upon 
a fracture is a major surgical procedure. It is not devoid of risk. It has 
peculiar difficulties and peculiar dangers. It is followed by ideal results. 

There are surgeons who understand thoroughly the expectant non- 
operative treatment. 

There are surgeons who understand thoroughly the operative treat- 
ment. 

There are surgeons who know equally well the operative and the non- 
operative treatment. 

Each could use the methods of the other on occasion. 

Each is liable to carry the trial of his own preferred method too far 
before admitting defeat. 

The operative enthusiast may not give adequate trial (in time and 
means employed) to the traction method which might have been success- 
ful. The traction enthusiast may persist in trying so long with traction 
and countertraction methods that the operation finally done will be far 
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more difficult than if done early. It will be attended by added risk to 
the patient, with greater technical difficulties for the surgeon and with 
the loss of time consumed in unwise experimentation with traction and 
countertraction. It behooves the surgeon faced with a fracture to be 
treated to avoid handicapping either form of treatment and the patient 
by initiating treatment incorrectly. Delay in operation, delay in applying 
traction, are each serious. 

Because disastrous and poor results have followed the operative treat- 
ment of open fractures and of certain closed fractures, this should not 
blind one to the results of such treatment under ideal conditions. As well 
might the traction method be decried because of the many failures follow- 
ing its inappropriate, inefficient, and delayed use. 

Because an amputation of the thigh was once done for fracture of the 
femur treated by skeletal traction after the traction apparatus had slipped 
into the knee joint, causing an infection, this experience should not 
eliminate skeletal traction properly employed. 


Sn 





Fig. 276.—The Scudder lateral pressure clamp. Large size for use on the condyles of the femur 
and on the lateral masses of the tibia. 


The fact that a compound fracture immediately fixed with nonabsorb- 
able material is followed by either amputation, infection, osteomyelitis, non- 
union, or death should not eliminate the use of nonabsorbable materials 
properly used at such time in certain compound fractures. 

The recognition of the value of certain procedures does not and should 
not depend upon the results of their misuse, but upon their correct employ- 
ment. However one may group fractures, there will always be borderline 
and doubtful cases in which surgical good judgment must decide the pro- 
cedure to be employed. Satisfaction in the practice of an art rests upon 
the opportunity for the untrammeled exercise of sane judgment when all 
the facts are at hand in deciding a properly disputed question of treat- 
ment. This satisfaction comes to the surgeon who witnesses good results 
following a well-chosen treatment of a fracture of bone. 

Because a femoral shaft fracture was treated after eight days lying in 
bed, supported by pillows, by skin traction of 10 pounds ineffectively, we 
do not discard the nonoperative extension treatment of fractures of the 
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shaft of the femur. Fortunately, the method does not rest on such expe- 
riences. 

Attempts to avoid operations on recent fractures lead to poor results. 
If the ingenuity and thought bestowed by surgeons on apparatus were 


used in the primary direct operative approach to many fractures the final 
results would be vastly better. 


CHAPTER XVI 


QUALIFICATIONS OF A SURGEON FOR THE OPERATIVE 
TREATMENT OF FRACTURES 


TuerreE are at least eight requirements necessary for the surgeon oper- 
ating upon a recent closed uncomplicated fracture. He should possess: 

1. An adequate knowledge of the patient, physically, mentally, socially, 
industrially. 

2. An exact knowledge of the local pathological conditions under con- 
sideration in the individual case. 

3. Perfect instrumental, mechanical, and physical equipment including 
access to roentgen-ray apparatus. 

4. An accustomed proved operative technic, delicately balanced. 

5. An understanding of the sensitive nature of bone tissue, its reaction 
to injury, and the conditions influencing the process of repair. 

6. A practical experience in the successful treatment of certain fractures 
by modern nonoperative methods. 

7. A knowledge of the various operative procedures for the immobiliza- 
tion of fractures. 

8. An open mind in choosing the method best adapted to the case in 
hand. 

A surgeon having the above qualifications is capably of safely treating 
fractures by operation. 

A surgeon not having these qualifications should not employ the opera- 
tive method in treating fractures. 

The only underlying fundamental reason justifying the ideal operative 
treatment of a simple closed uncomplicated fracture is the probability of 
effecting an earlier return of the part to a more nearly normal function 
than can be secured by any other treatment. 

It is established that in skilled and safe hands the operative treatment 
of certain recent closed fractures is a safe procedure, with an almost 
negligible mortality risk, with a high percentage of restored normal func- 
tion in a reasonable time. 

It is also established that in skilled and safe hands the nonoperative 
treatment of certain recent closed fractures is a safe and _ satisfactory 
method of treatment, securing a high percentage of restored normal func- 
tion in a reasonable time. 

It should be the aim of every surgeon of traumatism treating fractures 
to perfect himself in both of these methods. 

The one method demands as much training and skill as the other. 

A complete knowledge of the advantages and the technical details of 
each method is essential to the highest efficiency. 

A general surgical training combined with a special technical mech- 
anical training afford the most nearly ideal preparation for the treating 
of fractures that is possible. 
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Summary.—If you are a master of the general principles and technical 
details of both external and internal fixation and are informed as to the 
results of such methods of treatment and have a complete knowledge of the 
proper use of massage and active movement and can secure the patient’s 
complete cooperation, your vision of the surgical treatment applicable to 
a given case of fracture of bone will be so broad, and your selection of the 
treatment will be so wise and your execution of the treatment chosen so 
ideal that the results both functionally and anatomically will be the best 
obtainable for that particular individual under the local conditions and 
environment found existing. 


CHAPTER XVII 


THE CONDUCT OF OPEN OPERATIONS UPON FRACTURES 


THE CONDUCT OF AN OPEN OPERATION 


General Matters.—Postoperative lay criticism may be disarmed if the 
various phases of the contemplated operation are talked over with the 
patient, if intelligent, or with an immediate relative or responsible friend. 

The usual pre-general anesthetic preparation is made (p. 279). The 
operation may be a somewhat prolonged one, especially if the time of 
application of a plaster of Paris retentive splint is included in the anesthetic 
period. 

Preparation for a stated bone operation should be begun several days 
prior to the operation. It may be necessary in certain limb fractures to 
make extension and counterextension upon the fracture several days before 
operation. 

Skin Preparation.—Asepsis should be absolute. Abrasions, ulcerated 
areas on the limb, near to or remote from the field of operation, pimples 
and cellulitis should be treated and healed if possible prior to operation. 

I believe that operation on a closed fracture should not be done if 
there is a suppurative focus known to exist in any part of the body. The 
liability of the operative field to infection directly or indirectly is consider- 
able under these circumstances. If such liability can be avoided it certainly 
should be. 

If adhesive plaster extension strips have been used on the limb, these 
should be removed prior to the operative preparation when possible. 

A forty-eight-hour (7. e., the preparation is given twice with a twenty- 
four-hour interval) preoperative preparation of the skin is made as follows: 

Washing the limb with soap and water. 

Shaving the skin. 

A second washing with soap and water. 

Thorough drying. 

Washing with 70 per cent alcohol. 

The application of a dry sterile dressing. 

At the time of operation a washing with alcohol, covering the part with 
either picric acid (a 5 per cent alcoholic solution) or with two coats of tinc- 
ture of iodine full strength, U.S.P. That part of the limb not sterilized 
should be securely covered with legging or bagging of unbleached cotton. 

The limb so prepared should be covered with sterile towels and sheets 
in such a way that traction may be exercised and manipulation of the limb 
may be conducted without breaking the asepsis. The towels are so ar- 
ranged about the operative field that no part of the unprepared field can 
possibly be exposed. 

The linen, towels and sheets, etc., are applied by the surgeon himself. 
Ordinarily, to the first assistant this important step may be delegated. 
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Other assistants at the operation have not received sufficient training in 
this step of the operative technic to be entrusted with the important 
application of the sterile linen about the operative field. 

| Traction, Countertraction.—Preparation for traction and countertrac- 
tion may conveniently be made on the Hawley table. This provision will 
preclude the necessity of using heavy distracting instruments on the bone 
directly through the soft wound. If the Hawley table post and foot sup- 
port are not available, a folded sheet may be placed in the groin of the 
affected side, the two ends being carried up over the head of the table. 
The countertraction force may then be applied by a pull upon the two 
ends of this sheet. The traction force may be applied to the ankle through 
suitable towels looped about the ankle. I have used many times Martin’s 
(Philadelphia) method of direct bony traction on the lower femoral frag- 
ment by a canvas strip looped at each end folded at the middle over the 
bone end—the two loops being attached to a traction screw on the table 
below the foot of the patient. The traction screw is attended by an 
assistant out of the operative field. Remarkably great traction force can 
be secured for old fractures of the femur by this method. 

Position of the Limb.—The limb should rest supported on the table, or 
upon flat sand-bags or firm rubber-covered flat pillows. 

Sterilization of Materials—All drygoods, sheets, etc., gauze sponges, 
towels, etc., dressings, gauze, etc., are carefully sterilized. The gauze 
sponges used in the operative field are discarded immediately after the first 
soiling with blood. A careful sponge count is kept in every instance. All 
instruments and rubber and cotton gloves are sterilized. All sutures, 
absorbable and nonabsorbable, are sterilized. The surgeon’s, assistants’ 
and nurses’ hands and arms are rendered sterile. Gowns and gloves are 
carefully adjusted. Special instruments. for bone operations are to be 
accessible. 

Handling of instruments, suture material, sponges, and fixation material 
is done so far as it is practicable by suitable forceps. When instruments are 
lifted it should be by the handle of the instrument. The touching of 
everything pertaining to the operation should be reduced to a minimum. 

Splints.—Postoperative splints should be ready before operation. 
Plaster of Paris bandages should be prepared for the subsequent splinting. 
Thomas’ lower and upper extremity splints should be on hand as needed. 

Special Instruments.—Instruments used for fracture surgery should 
never be used for any other surgery. All septic bone work should be done 
by the aid of special instruments. None of the fracture instruments should 
ever be used in septic bone cases. 

Spectators should be gowned, capped and masked, and kept at a suit- 
able distance from the operative field. 

General Remarks.—During the operation a properly protected finger 
may be introduced into the wound without fear of an infection arising 
from it. 

All instruments are kept clean as they are used by washing in a 5 per 
cent solution of hypochlorite, which is hemolytic, followed by washing in 
sterile water, and should be returned clean to the instrument table (Sher- 
man). By this simple procedure one can readily maintain an operating 
instrument table free from blood stains. A basin of sterile warm water is 
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conveniently placed so that the operator may dip instruments into this 
solution before they enter the wound. 

All tissues of the wound, including the bone, should be gently handled. 
In order to secure ideal healing with the minimum reaction, a surgeon 
should injure or traumatize the soft tissues as little as possible. 

Slovenly work in this operative procedure cannot be tolerated. 

The presence of sepsis in the skin and of discharging sinuses may delay 
the operation on the bone for a long time until healing has resulted. The 
use of sterile stockinet on the forearm over sterile skin, fixing the divided 
stockinet to either side of the incision by means of Michel clips, is simple 
and fairly effective in keeping the skin edges of the wound protected (Hey 
Groves). 

Whereas it is necessary to be specific in the description of an exact 
operative technic, it is to be understood that the rigid adherence to the 
standard here outlined is absolutely essential and imperative if successful 
operative fracture treatment is to be undertaken. 

Variation from the precise methods laid down are allowable to meet 
certain individual surgical preferences or experiences which are compatible 
with safety. The operative standard technic cannot be too severe in every 
detail 


DESCRIPTION OF THE OPERATIVE TECHNIC APPLICABLE TO ALL 
FRACTURES 


A recent simple closed fracture of the middle of the shaft of the femur 
is used as an illustrative case. It should go without saying that strict 
observance of a fully developed technic is to be carried out by every mem- 
ber of the operative team group. All previous preliminary preparations 
have been completed. 

The Incision.—Lateral approach. The incision is made at the middle 
of the outer side of the thigh through the skin and superficial fascia. See 
page 322 for anterolateral approach. The knife should enter and cut the 
skin absolutely at right angles to its surface so that square edges result. A 
long ample incision at least 5 to 7 inches is used. An adequate incision: 

Permits of easy access to the fracture. 

Diminishes the trauma from hard traction on soft parts (superficial 
wounds heal poorly when tissues are unduly pulled upon). 

Eliminates guesswork in the deep wound approach. 

Approximates to a visual attack on the bone. 

Renders easy the manipulation of the fragments of the fracture, par- 
ticularly if bending the limb is necessary. 

A long wound will heal as readily as a short wound; no important struc- 
tures are disturbed by the long incision. Primary union is expected. The 
chance of wound infection will actually be diminished by a long incision. 
All bleeding vessels are caught with the minimum of tissue. No blood 
should be allowed to stain the towels about the wound edges, so completely 
is the hemostasis cared for. 

Protection of Skin Edges of the Wound.—Two properly folded dry 
sterile towels are affixed to the upper and lower edges of the skin wound. 
These towels should be held securely with no looping of the towel between 
the towel clips. 
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Towel Clips—Short-handled towel clips should be used on the lower 
edge of the wound and long-handled clips on the upper edge of the wound 
(Sherman). Two clips should be used to each inch of the incision. A 
6-inch incision should have, therefore, twelve clips on each side of the 
wound. (The Moynihan towel clip is appropriate. Long towel clips on 
the lower edge of the wound will dig into the table, injure the skin edges, 
and be knocked off, thus traumatizing the edge of the skin, proving inef- 
fective.) 

Shock will be lessened in the conduct of the operation by saving time 
in the conduct of the operation itself. 

The various steps of the operation should be outlined beforehand in 
the mind of each assistant or helper at the operation. Each member of 
the operative team should be familiar with and know perfectly well his or 
her part and be ready when the time for his performance comes to act 
promptly, effectively, and without waiting to be told. 

The loss of heat by the patient should be avoided: 

By operating in a warm room. 

By covering all parts of the patient’s body other than the seat of opera- 
tion by a warm blanket. 

By covering the exposed surfaces in the wound by gauze. 

Fear on the part of the patient should be eliminated by making the pre- 
liminary preparation of the operation as little disagreeable as possible. 
The preliminary use of morphine and atropine subcutaneously about 
three-quarters of an hour before operation is often wise. The general 
anesthetic adapted to the individual and the necessity for complete mus- 
cular relaxation ordinarily will be secured by the employment of gas- 
oxygen or ether. 

Roughness in Handling Tissues——A manipulation, if it requires to be 
carried out, should not be half and hesitatingly done. It should be 
deliberate, firm, and final. Infinite gentleness, scrupulous care, light hand- 
ling and purposeful quiet movements are all compatible with effective work 
and are necessary. 

Avoid undue exposure of tissues to drying and cooling. Throughout 
the operation there must be no undue exposure of the soft parts of the 
wound. 

Position of the Patient on the Table.—Patients under anesthesia are 
defenseless. They cannot feel and remedy strained and uncomfortable 
positions. The patient should be placed in that position most comfortable 
for the particular operation, and which will not add anything to his future 
suffering. 

The Arrangement of the Sterile Coverings Around the Operative Field. 
—All parts of the patient’s body and operating table must be covered with 
sterile sheets and towels. The limb to be operated upon should be so pro- 
tected as a limb or unit that the whole limb can be manipulated if neces- 
sary without touching the skin of the patient or any uncovered part. If 
this provision is carefully made, many slips in the operative technic of 
fracture operations will be avoided. 

At no stage in the operation should the simply gloved finger or hand of 
an assistant be allowed to come into contact with the patient’s skin or 
the tissues of the wound. A no “skin touching” technic is maintained. 
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A fresh pair of forceps and scalpel should be used for all the deeper 
surgery. No scalpel that has touched the skin should be used in the rest 
of the wound for fear of an infection being started from the superficial 
tissues. 

The deep fascia of the thigh is divided the full length of the skin in- 
cision. The fibers of the vastus externus appear. These fibers are sepa- 
rated and partly divided by a sharp scalpel. Several vessels will need 
ligation as the dissection proceeds. The junction between the vastus 
externus and the underlying crureus muscle will be found. The crureus 
muscle should be divided to the bone. (Consult diagram of cross section 
of thigh at the middle, Fig. 369.) No important nerves or vessels are 
encountered, but several vessels will require ligation. 

Sponging the wound should be firm and localized, not a rubbing of the 
wound. 





Fig. 277.—Fracture of the shaft of the femur. Fragments free. Note application of lever to 
assist in reduction. 


It is unwise to attempt to approach the femoral shaft through muscle 
planes alone. Keep constantly in mind that the plane of incision from this 
approach as one proceeds deeper is parallel with the table. 

Delivery of the Bone.—The crureus or even the vastus externus may 
have been torn by the fractured bones. If so, the approach to the bone is 
less conventional. On nearing the bone it is reached directly by dividing 
overlying muscle and periosteum together. The periosteum is thus re- 
tracted with muscle tissue attached. Blood clot will be found in the space 
occupied by the fractured fragments. All bleeding vessels should be ligated 
with care. 7 

The muscle bellies will be lax and soft, all tension and natural resiliency 
having given way to the fracture and the complete relaxation of active 
spasm because of the general anesthesia. 

The double gloved sterile finger (a cotton glove over rubber) is a valu- 
able and safe guide in the wound. Instrumentation, manipulation will be 
minimized by tactile exploration. The difficulties of these bone operations 
are great enough with all possible assistance. There is no need to add 
to these difficulties by imposing upon the surgeon a quite needless restric- 


tion (Hey Groves). 
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The bone ends of the fragments cannot ordinarily be delivered until the 
firm attachments to the linea aspera are severed (Fig. 277). The peri- 
osteum will have been stripped from the femoral shaft a varying distance 
by the injury. It is best, when necessary, to expose the bone remaining 
uncovered as has been indicated above, to incise the muscle, and to retract 
the muscle with the periosteum attached, not to separate muscle from 
periosteum. This is conducive to the more exact replacement of the 
periosteum when the wound is finally closed. 

Deliver into the superficial wound that fragment that is the most easily 
and earliest reached. Suppose that it is the lower fragment, introduce a 
curved blunt hook carefully beneath the bone: Adduct the leg and lower 
thigh away across the uninjured thigh so as to throw the end of the frag- 
ment into the wound. Traction on the hook and adduction will suffice 
ordinarily. Repeat these steps on the other fragment until it too is deliv- 


t 








Fig. 278.—To illustrate, in operations on fracture of the shaft of the femur, the approach 
laterally (see p. 351 and cross section of Fig. 369). Note use of Harte retractor to assist in the 
delivery of bone fragment while at the same time serving as a retractor of the heavy muscle. 


ered into the wound. Adduction of the leg, as in the first instance, plus 
flexion of the upper thigh will with retraction of the soft parts accomplish 
this. 

Keep the wound dry, free from blood and serum. Use large sponges 
after the vessels are ligated—not small sponges. 

The small sponges after becoming wet with blood take on the color of 
the muscles and wound fluids and may very easily be lost beneath the 
muscle bellies in the depths of the wound. This precaution is exactly as 
necessary as is the care exercised in abdominal operations. :Such a “lost 
sponge” may be left in the deep wound after reduction of the fragments 
and after suture of the soft parts. 

Reduction or Approximation of the Fragments of Bone.—As the ends 
of the fragments lie in the wound freely there is seen to be an inch or more 
overriding. Three important things enter into this direct reduction: 
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1. Grasp each fragment with the large bone-holding, long-handled for- 
ceps (Fig. 279, C). 

2. Grasp in such a way as to be able to rotate the lower fragment in 
great measure and the upper fragment slightly about the long axis of each 
bone so that eventually the broken linea aspera edges come opposite each 


other accurately. 
j 




















Fig. 279.—A, B, C, D, E, F. These diagrams illustrate certain steps in the mechanics of 
the replacement of fragment ends, as well as offer helpful suggestions for immobilization after 
the displaced fragments have been replaced. (From Lambotte.) 


3. Bend the fragments at a sufficiently acute angle so as to engage the 
cortical part of each fragment with its opposite (Fig. 279, C). 

4. Leverage, one bone end upon the other (Lane). Having thus 
rotated and engaged the ends of the fragments, it remains to force the ends 
into contact (Fig. 279, C). The restraining force that holds the ends from 
approximation is the retraction or elasticity of all the fasciae of the thigh. 

18 


QTA CONDUCT OF OPEN OPERATIONS UPON FRACTURES 


All the intermuscular fasciae, as well as the obvious fascia lata, furnish 
very extensive planes of fascia—all these fascial planes are retracted and 
shortened. It is against this tremendous fascial force that the reposition 
is directed. 

Obviously, it is this force that will maintain the agen after the 
approximation is secured. Consequently, it is very important that in the 
preliminary handling of the recent fracture too great traction is not used so 
that all this retractive force is eliminated, and is thus unavailable for hold- 
ing the fragments together. 

There will be cases in which some direct traction will be necessary upon 
the distal fragment before (in old fractures) or during the operation in 
order to overcome great overriding of the fragments. Certain oblique 
fragments will require holding by traction while being immobilized. At the 
time of the operation, provision having (in the routine preparation) been 
made for traction and countertraction without disturbing the asepsis, this 
distraction may be accomplished. 

Firm Contact.—It is necessary in the bone plating operation that the 
ends of the fragment be firmly in contact independently and apart from the 
use of a steel plate. When the plate is applied to such accurately adjusted 
bone ends, nonunion cannot occur—union must follow. 

It will be noted usually that there is an irregularity, consisting of a pro- 
jection or bone process or point sticking down from the upper fragment for 
example. It will be the endeavor of the surgeon to engage this point of 
bone with the corresponding gap on the lower fragment. In other words, 
the surgeon will try to impact, to coapt, to approximate the fragments so 
that the normal anatomical relationships as in horizontal and right-angled 
planes are restored. 

The patella of the injured side will have its accustomed relations to the 
anterior superficial surface of the thigh maintained. The linea aspera will 
have been restored. The jagged irregularities of the fracture line will be 
correctly engaged. Then the surgeon will be rewarded for his trouble by a 
restored appearance of normalcy of the contour of the thigh of the anes- 
thetized individual. 

Application of the Steel Plate-——While the fragments are held in situ 
and slight skin and muscle retraction is made, a flat steel spatula (Harte) 
(Fig. 278) is introduced to the under surface of the fracture as a protec- 
tion, guide, and retractor. Upon this thin flat spatula the clamp (Low- 
man-Scudder or equivalent, Figs. 274, 275) is placed and advanced under 
the fragments and is made to grasp each fragment. After the clamp is in 
place the large bone-holding clamps may be removed as well as the pro- 
tecting Harte clamp. The steel plate (Sherman, p. 301) held in the plate 
holder is placed advantageously on the bone beneath the third anterior 
finger of the Lowman clamp. 

The plate should rest on the impacted and correctly repositioned frag- 
ments so as to permit of the placing of an even number of screws at equal 
distances on each side of the fracture. Ordinarily, the plate will lie exactly 
parallel with the long axis of the femur. In most instances the periosteum 
will have been removed by the trauma of the accident or by the surgeon 
from these bone ends. The plate will, therefore, most always rest directly 
on the cortex of the femur. 
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I think it is best to have no periosteum beneath the plate. Little or no 
callus will form directly beneath the plate in any instance. 

The Drilling of the Holes for the Screws.—Using the drill through the 
holes of the steel plate as accurately as possible will help in the placing 
of the screws. The drilling should be continuous and at right angles to 
the plate against a slight lifting force applied through the bone clamp. 
When the drill point reaches the medulla it will be momentarily held up. 
A little additional force on the part of the surgeon will carry it into the 
medulla. If the short screws are to be used the drill may be withdrawn. 
If long screws through the cortex of the opposite side are to be used, the 
drilling should continue a sufficient depth into the opposite cortex. In 
removing the drill reverse the turning so as to withdraw the drill accu- 
rately; do not simply pull the drill out. 

Introduction of the Screws.—The screws chosen should be perfectly 
finished. Occasionally the slot in the screw head which receives the screw- 
driver is so shallow that after the screw is almost in the screw-driver will 
slip out of the slot. An embarrassing situation may arise in consequence; 
therefore, inspect screws (Sherman). 

The drillmg of the holes and the placing of the screws are completed 
first in one fragment and then in the other fragment. Thus the plate is 
held in position on the bone and allows the drilling of the remaining holes 
without danger of the slipping of the plate. 

Handle screws with the screw-holder. Place the screw with the aid 
of the holder in the plate and the drilled hole in the bone, or use a 
screw-holder and driver in one instrument. Carry the screw almost 
completely in its full length. Place screws alternately on each side of the 
bone holder and the fracture if more convenient than placing all screws in 
each fragment separately. After all screws are placed go over each screw 
in turn and tighten securely. Introduce the flat spatula (Harte) beneath 
the clamp for protection of soft parts and for ease in removing the clamp. 
Remove the bone and plate-holding clamp, sliding it out on the spatula. 
With this maneuver there is the least amount of trauma to the soft tissues. 
Remove the Harte spatula. 

Inspection of the Site of the Operation on the Bone.—Introduce gently 
deep retractors so that the fragments as held by the steel plate may be 
readily seen. Move the lower limb slowly and gently in various directions 
so that it may be noted if there is any motion at all between the fragments. 
There should be none. 

Care of Soft Parts and Wound.—Wipe gently all muscle bellies, smooth 
with scissors any jagged muscle fibers irregularly divided in the approach 
or damaged by the bone ends before operation. Dry the wound. Wipe the 
wound by means of swabs everywhere with alcohol 70 per cent. Dry the 
wound again. Ligate all bleeding vessels possible. Approximate with one 
or two interrupted absorbable sutures (No. 1 chromic catgut) the deep 
muscle fibers (crureus) together with the retracted periosteum about the 
fracture site. These deep muscle fibers may carry attached to their deepest 
parts bits of periosteum. It is important to approximate these peri- 
osteal strips of the bone. Bring together the fascia lata with interrupted 
sutures (No. 1 chromic catgut). A continuous fascial suture should never 


be used. 
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Provide No Drainage.—Suturimg the fascia edges interruptedly will per- 
mit seepage of blood and serum to the surface if there is any bleeding. A 
drain, however short a time left in place, is more likely to introduce sepsis 
than to provide for any necessary escape of fluid. Drainage is contra- 
indicated in primary clean operative bone wounds. I have never regretted 
omitting a drain under these conditions. 

The superficial fascia and subcutaneous fat are sutured interruptedly 
by zero plain catgut. These superficial tissues sutures help to approximate 
the skin; fewer skin sutures are needed. 

The skin incision is closed by interrupted: sutures of linen. I prefer 
this to silkworm-gut or catgut or metal clips. 

Up to this point in the operation the thigh has lain on the table 
(Hawley or equivalent) supported by pillows or sand-bags in a position 
of rest. 

Application of Dressing.—In order that there may be provided at once 
support to the fracture site, so that all strain may not be assumed by the 
fracture or plate, with a likelihood of an undue strain on the screws, 
resulting in the loosening of the screws or even a fracture of the steel 
plate, I like to use a piece of sterile splint wood about 18 inches long and 
2 inches wide. 

This narrow sterile splint is protected by two folded sterile large gauze 
compresses or sponges; thus padded, it is placed behind the thigh next the 
skin and is incorporated in the dressing. 

This posterior splint may be made to assist materially in preserving 
the normal anterior bow of the femoral shaft by carefully placed sterile 
gauze padding. This will be true whether the splint used is a plaster 
spica or a Thomas splint. The wound dressing of dry gauze is applied so 
as to encircle the thigh. It is held by a sterile gauze bandage evenly 
applied. It is important that this dressing should cover the wound and 
extend at least 4 or 5 inches above and below it. It should also encircle 
the thigh. It will thus be evident that in lifting the limb for the subse- 
quent application of the Thomas splint or plaster of Paris spica due sup- 
port is afforded by the small posterior splint. 

The handling of the limb should be delegated to a trained and trusted 
assistant. I believe much harm is done by a thoughtless handling of the 
operated limb from the time of the closure of the wound until the finish of 
the retentive splinting. 

The trusted assistant will handle the limb permitting motion at the 
hip and knee, but allowing no strain at the fracture or the plate site. This 
handling is an art to be cultivated. It is an important part of the oper- 
ative procedure. 

The splint will be either a Thomas splint or a plaster of Paris spica 
splint. Personally, I use the latter. I believe that there are distinct ad- 
vantages in the use of the Thomas splint with the Pearson knee attach- 
ment as employed by Sherman. A splint of some sort is needed for the 
immediate protection to restlessness following the general anesthetic. 

The ideal position to be maintained for the treatment of the involved 
limb will be: 

Abduction of the shoulder—extension of the elbow—supination of the 
forearm—dorsiflexion of the wrist—flexion of the hip and knee—dorsiflexion 
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of the foot at the ankle. These positions are the positions of greatest 
muscle equilibrium. 

If the Thomas splint is used the Pearson leg attachment will allow of 
ce flexion and extension of the knee. It is of great advantage (Fig. 

In applying the plaster spica to the patient following operation with the 
help afforded by the Hawley table, there is little or no moving of the pa- 
tient. The plaster splint is quickly put on. 

The Position of the Lower Extremity.—The thigh should be slightly 
flexed on the abdomen; the knee slightly flexed on the thigh; the (ankle) 
foot at a right angle with the leg. 





Fig. 280.—Leland’s metal caliper knee joint to be incorporated in a plaster of Paris splint 
(Fig. 281). 


I have at times after this operation immobilized the lower extremity 
partially by a snugly fitting plaster of Paris splint extending from the 
toes to the groin of the affected side. This can be done when the fracture 
of the femur is below the middle of the bone. 

A splint of this extent suspended so as to clear the bed will permit of 
motion at the hip joint and may be a bit more comfortable for the patient 
and as efficient as the complete spica. 

Leland’s Knee Joint Flexion Splint.——In order that active and passive 
flexion and extension of the knee joint may be secured during the neces- 
sary immobilization of the fracture of the femur Leland has advised and 
used an iron caliper knee jointed splint (Fig. 280). This splint is incor- 
porated in the plaster of Paris splint (Fig. 281). By its use earlier motion 
is possible in the convalescent period following thigh fracture treatment 
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with or without operation. Of ‘course this splint is less applicable the 
nearer the fracture is to the knee joint. 

Postoperative Care.—The circulation of the extremity if plaster of Paris 
splints are used must be frequently inspected during the first forty-eight 
hours. Plaster of Paris encircling splints must be split if any signs of com- 
pression appears. It is wise to always split the plaster of Paris splint im- 
mediately after its application. 

If there are appearances of oozing of blood, these stained surfaces 
should be covered by sterile dressings. The external splinting, whether a 
plaster of Paris or steel Thomas splint, should adequately fix the fracture, 
thus removing all undue strain on the internal fixative material. 





Fig. 281.—Leland’s knee caliper incorporated in a plaster of Paris splint to pelvis and leg. Note 
that movement at the knee is possible during convalescence from fracture of femoral shaft. 


The patient should be made comfortable with morphine subcutaneously 
administered during the first forty-eight hours. The plaster of Paris splint 
should be reapplied after three or four weeks. 

The plaster of Paris splint should be employed as long as it would be 
if no internal splint (steel plate) had been used, and, in addition, one or 
two weeks longer. 

Rapid restoration of function by guarded and guided active movements 
are to be encouraged and employed as early as possible, ordinarily after 
from four to seven days following operation. 

The protection of the limb while the callus is soft and pliable is very 
important. Rest is essential to the initial stages of repair. 

(For special regions and special bones see p. 529, etc.) 


CHAPTER XVIII 


ANESTHESIA 
Howarp H. Brapsyaw, M.D. 


THE proper choice and administration of an anesthetic involves a 
knowledge of general medicine plus a familiarity with the pharmacology 
of the drug being used. It is a common failing to expect every anesthetic 
to produce exactly the same result in every individual. Such is not the 
case with other drugs and certainly not with anesthetics. 

General statements regarding the choice and administration of an anes- 
thetic obviously have little value, especially in relation to fracture work. 
Every case needs to be individualized if one is to obtain maximum good 
results. The reader is referred to standard textbooks on general anesthesia 
by Gwathmey, Flagg and Poe. 

In this age of standardization it is only natural that efforts to include 
surgical and anesthetic technics in such a scheme have been and are being 
made and with some success. But strict adherence to a routine is apt to be 
followed by poor results. 

There are certain considerations of paramount importance in the 
selection of an anesthetic for any procedure. Safety to the patient is of 
the most concern. The anesthetic must allow the surgeon to do his work 
in a satisfactory manner. The matter of cost of the anesthetic, facilities 
for administering it and postoperative nursing care are of secondary im- 
portance. 

Patients with recent fractures constitute surgical emergencies. Many 
fracture cases are in shock when seen by the surgeon. No patient should 
be given a general or spinal anesthetic or subjected to any surgical pro- 
cedure until shock has been properly combated by sedatives, fluids, heat 
and oxygen. 

Unfortunately there is no ideal anesthetic for patients in poor physical 
condition or in shock. Every anesthetic “takes something out of a pa- 
tient.” Anesthetists argue that gases, particularly nitrous oxide, since 
they cause very little metabolic change as compared to ether, are there- 
fore, safer for “poor risk” patients. But in the administration of such 
anesthetics the problem of anoxemia is always present and probably of 
greater importance than the metabolic disturbances caused by other 
anesthetics. 

In discussing the choice of an anesthetic for fracture cases, it is apparent 
that each individual fracture need not be mentioned. An effort will be 
made to consider, from a clinical point of view, the anesthetics in common 
use, pointing out some of their good and bad characteristics. 

Novocain anesthesia will include not only spinal but other forms of 
regional and local anesthesia. For more exact information on this subject 
Labat’s book on Regional Anesthesia is highly recommended. 

Preanesthetic Medication—vThe purpose of such medication is to aid 
the patient in the “taking” of an anesthetic. Care must be exercised in 
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the choice and dosage of such drugs or the opposite effect will result. An 
example of this is seen in patients who have been given large doses of 
drugs that have a markedly depressing effect on respiration. Such patients 
come to the operation slightly cyanotic and breathing infrequently. The 
introduction of an anesthetic by means of the respiratory system obviously 
becomes difficult in such patients. Resort has to be made to carbon 
dioxide or some other respiratory stimulant. 

The choice of the drug in preanesthetic medication, the dosage and 
time of administration require thought. This cannot be done in a routine 
fashion if one is to expect the best results. It is probably better to begin 
the preanesthetic medication with small doses of the drug chosen at least 
three or four hours before the time of operation. The effects can be noted 
and time is available for supplementing the dose or the drug if necessary. 
When one considers the mental state of a patient about to be operated 
upon the importance of some form of sedation becomes obvious. If a 
fracture requires immediate reduction one is compelled to rely on a single 
dose of the preanesthetic drug and this is usually given by hypodermic 
injection. 

There are a great number of drugs available for use as preanesthetic 
sedatives. Probably the most commonly used is morphine sulfate. This 
may be used alone or in combination with scopolamine. The barbiturate 
series of drugs is becoming increasingly popular. These vary in rapidity 
of action and toxicity and rate of elimination in accordance with their 
solubility. Sodium evipal is probably the most soluble and barbital is 
one of the least soluble of the barbiturates. Other drugs such as avertin 
and paraldehyde are used as basal anesthetics. The dosage of any of them 
must be great enough to produce the desired effect but yet to avoid toxic 
reactions. This dosage is dependent on many factors and requires a great 
deal of care to bring about the best results. 

If an irritant, such as ether vapor, is to be introduced into the respira- 
tory tract, some drug should be given to counteract the secretion of mucus 
which occurs. Atropine sulfate is of the greatest value in such cases. 

Nitrous oxide is considered to be an inert gas in that no toxic effect and 
fewer metabolic disturbances have been ascribed to it than to most of the 
other gases. It must, however, be considered as an incomplete anesthetic 
in that it does not abolish all reflexes and does not produce complete 
muscle relaxation. If one uses large doses of preanesthetic drugs and uses 
novocain in the wound, a fair degree of relaxation can be obtained with 
nitrous oxide. It is probably the most difficult anesthetic to administer 
properly. The working range is 85 to 90 per cent of nitrous oxide to 10 to 
15 per cent of oxygen, and very slight changes in these percentages pro- 
duce either too light anesthesia or some degree of asphyxia. These dif- 
ficulties can be overcome to a large extent if a proper apparatus and a 
competent anesthetist are available. However, it must be kept in mind 
that the oxygen tension of the inspired air during a nitrous oxide anes- 
thesia is roughly half the tension that exists in the air we normally breathe. 
Fortunately most patients can survive this lowered oxygen tension quite 
satisfactorily for a short time. It is important to remember that it is 
dangerous to use nitrous oxide in the presence of cachexia or extensive 
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sepsis. It is highly dangerous to turn any anesthetized patient. This 
is particularly true in the case of nitrous oxide. 

But if due consideration is given to the above well known facts, it 
becomes apparent that nitrous oxide is not to be used indiscriminately or 
in patients in poor general condition, especially if cyanosis or difficulty in 
maintaining an adequate airway exists. Reference is made to the frequent 
use by dentists of nitrous oxide. It must be remembered that dentists in 
the great majority of instances produce only analgesia; the total length of 
the anesthesia is normally extremely short. The majority of accidents 
during nitrous oxide anesthesia seem to have occurred in hospital emer- 
gency wards. The patient is admitted from the street without preliminary 
sedatives, in a considerably frightened state of mind, and is given nitrous 
oxide, usually by an inexperienced member of the house staff. Such a 
combination of circumstances is only to be condemned, for it must occa- 
sionally lead to disaster. 

Recent simple fractures of easily accessible bones in patients in good 
physical condition, where no great relaxation is necessary and where the 
duration of the anesthesia is minimal, may well be done under nitrous oxide 
anesthesia. The anesthesia will be more satisfactory and greater muscle 
relaxation will be obtained if a preliminary sedative is given. If sedatives 
are given it is desirable to tell patients that they will feel sleepy and more 
or less intoxicated following the operation. Such patients should not be 
allowed to go out of the hospital or office unless accompanied by a re- 
sponsible person. This point is often neglected. 

Since the color of the patient is the most reliable index to satisfactory 
nitrous oxide anesthesia, it is evident that some other anesthetic must be 
chosen for the manipulation of fractures under the fluoroscope. Again, it 
is a poor anesthetic to choose for use in negroes or other dark skinned 
people. 

Ethylene is a somewhat stronger agent than nitrous oxide, but it is 
not so complete an anesthetic as ether. It can be administered with as 
much as 20 per cent of oxygen. Muscle relaxation is greater under ethyl- 
ene than under nitrous oxide anesthesia. So far as is known, the one great 
objection to the drug is its explosiveness. It explodes over a wide range 
of concentrations with oxygen. However, the drug should not be con- 
demned too much on this account for mixtures of nitrous oxide-oxygen-ether 
are also explosive and practically as many accidents have been reported 
under the latter as under the former. With the introduction of complete re- 
breathing of exhaled gases, explosions from static electricity should be prac- 
tically eliminated. With rebreathing, saturation with moisture becomes 
complete. At the beginning and at the end of the anesthesia when some 
of the gas escapes into the operating room the possibility of explosion may 
be present, or if there is a leak in the apparatus an explosion can occur. 
Operating rooms can be conditioned to keep the per cent of moisture at a 
high level or again, the anesthetic apparatus can be grounded; however, 
this introduces the danger of electrocution from short circuits. It is better 
to work in an operating room with a relative humidity of 55 per cent or 
above. 

Some other objections of lesser importance have been raised against 
ethylene. Surgeons, patients and operating room nurses have complained 
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of severe headaches. Many surgeons have noticed increased capillary 
oozing. But these objections seem of slight significance compared to the 
many advantages of the drug. , 

It is a gas nonirritant to the respiratory system; it produces a fair 
degree of muscle relaxation; its induction is rapid and recovery from it is 
rapid; it can be given with enough oxygen to prevent anoxemia, and finally, 
it produces only slight if any metabolic disturbances. 

Only experienced anesthetists should administer ethylene. The high 
degree of coloring that patients have under the influence of this gas may 
be deceptive, because too much of it may be given without the obvious 
signs of anoxemia being observed. This coloring is not a result of a super- 
abundance of oxygen but is probably the result of some combination of 
the drug with hemoglobin. 

From what has been said it can be seen that ethylene, under properly 
controlled conditions, may be used for almost any fracture work. Our own 
feeling is that ethylene probably deserves wider use than it seems to be 
enjoying at present. 

Cyclopropane.—This new gaseous anesthetic is in the foreground at the 
moment. It is related to ethylene in its chemical formula but is quite 
different in its physiological effects. 

It is a much more potent drug than ethylene and can therefore be 
given with a much greater amount of oxygen. The working range is 10 to 
20 per cent of cyclopropane to 80 to 90 per cent of oxygen. This would 
seem to make it an excellent drug for patients with certain respiratory or 
cardiac conditions, particularly cyanotic patients. However, Waters, who 
has had the most experience with this gas, has observed more cardiac 
irregularities and arrhythmias by electrocardiographic tracings than with 
other anesthetic agents. The significance of this observation remains to 
be seen. 

This gas is highly diffusible and therefore requires an airtight apparatus 
and an expert anesthetist to maintain an even, smooth state of anesthesia. 
It is very rapid in its action and is readily eliminated from the patient. It 

will produce only moderate muscle relaxation. It probably has about the 
~ same degree of explosiveness as ethylene, so the same precautions must be 
taken in its administration. Experience with cyclopropane is not suf- 
ficient to assure a thorough knowledge of its uses and contraindications. 

Ether continues to be the safest general anesthetic known. Undoubt- 
edly it has been blamed, without proof, for many postoperative complica- 
tions. Certainly a poorly given ether anesthesia may give rise to trouble. 
But there are definite means available for improvement in methods of 
administration. 

There are inherent qualities in ether which make it a relatively safe 
anesthetic. It is slow in its action, requiring considerable time to bring 
the saturation of the body tissues to an anesthetic level. The change 
from surgical anesthesia to too deep anesthesia requires some time. The 
respiration fails before the heart fails. This safety factor prevents many 
anesthetic deaths. 

On the other hand ether has undesirable qualities. It is irritating to 
mucous membranes and it does bring about certain metabolic changes in 
the body, mainly those of liver and kidney functions. These effects can 
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be practically eliminated by the proper administration of the drug in the 
presence of an abundant supply of oxygen. The induction of ether should 
be preceded by atropine or some other drug which lessens bronchial secre- 
tion. If this is not possible adequate suction must be used to keep the 
airway clear. Whenever possible, nitrous oxide or ethylene should be used 
as a preliminary to ether administration. However, ether can be very 
satisfactorily administered by the cone method if attention is given to the 
above facts. 

Postoperative nausea and vomiting is to a great extent eliminated if 
ether is given properly. An occasional patient does have serious prolonged 
nausea and vomiting, but this should be exceptional. It does occur fol- 
lowing other anesthetics as well. Our own personal experience in heart and 
lung surgery with ether as the anesthetic has led us to believe that if 
properly given, with a dry airway and adequate oxygen, it rarely if ever 
produces damage in these organs even if they are previously diseased. We 
have not used ether in the presence of acute coryza because of the added 
irritation. Ether vapor in a previously diseased respiratory tract may by 
its own action, aside from effects which could be controlled, “light up” the 
disease process, but it has never been our observation. Diabetics, neph- 
ritics and patients with detectable liver damage are not ideal subjects for 
any anesthetic and particularly anesthetics that produce known metabolic 
disturbances. But diabetes usually can be controlled regardless of the anes- 
thetic; however, the choice of ether is unwise unless the diabetes is ex- 
tremely well controlled and the patient not in acidosis. A definite 
nephritic patient should have some anesthetic other than ether. Liver 
damage is discussed under anoxemia. 

Ether is a complete anesthetic. Any degree of muscle relaxation can 
be obtained. Since it is slow in its action and slow in its elimination, other 
anesthetics are more desirable for minor fractures and fractures that do not 
require complete relaxation for reduction. 

Chloroform is an ideal anesthetic so far as efficiency is concerned but is 
mentioned only to condemn its use. There are many other anesthetics 
which are practically as efficient and much safer. It is true that in the 
hands of one thoroughly familiar with the drug, a relatively safe anesthetic 
state may be reached. It is also true that however efficiently and carefully 
chloroform is administered ventricular fibrillation or delayed effects of 
chloroform poisoning do occur. 

Ethyl chloride is still used in many hospitals and with apparent safety. 
In such hospitals it is used only for producing unconsciousness and no 
attempt is made for complete surgical anesthesia. Since its use is a 
preliminary to some other general anesthetic it would seem wiser to replace 
it with one of the gaseous anesthetics. Ethyl chloride causes death as 
rapidly as chloroform and for somewhat the same reasons. Both of these 
drugs will carry a patient through all stages of anesthesia without any clear 
line of demarcation. 

Avertin formerly was used to produce complete general anesthesia 
but because of a high mortality the dose has been reduced and it is now 
used only as a basal anesthetic. It is of use in fracture work only when 
prolonged operative procedures are indicated. When used as a basal anes- 
thetic it materially lessens the amount of the supplementing drug. 
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Since the effects of avertin depend in part on the rate of absorption 
from the bowel, it is easy to see why varying results are obtained. This 
also points out the lack of control one has over the drug. Fractional 
methods have been used in an effort to gain more accurate control of the 
depth of anesthesia in a given case, and with some success. But the effects 
are dependent on the blood stream concentration of the drug and this 
concentration cannot be rapidly changed at will by placing a little more or 
a little less of the drug in the bowel. 

The average dose of avertin as now used varies from 60 to 100 mg. 
per kilogram of body weight. As with all other anesthetics, patients in 
poor physical condition require less of the drug. Children with intact 
cardiovascular systems and those who have never suffered from liver or 
kidney disease can be given slightly larger doses. One should not supple- 
ment avertin with some form of local anesthetic unless he is willing to have 
the operative field contaminated by an unconscious yet active patient. 

The drug has its greatest usefulness in highly nervous patients and in 
children. It can be given to the patient in his bed, as an ordinary enema. 
The postoperative nursing care is prolonged since any patient rendered 
unconscious by a drug may have respiratory obstruction from a relaxed 
tongue or jaw. 

The barbiturates are hypnotics but recently have been used as general 
anesthetics, merely by increasing the dosage. Since the synthesis of 
veronal in 1904 literally dozens of barbituric acid derivatives have ap- 
peared on the market. Chemists have directed their efforts toward making 
less toxic and more soluble drugs. The ideal would be a rapidly active, 
rapidly eliminated, nontoxic drug. Needless to say the ideal has not yet 
been obtained. Recent work tends to show that the barbiturates may be 
responsible for delayed shock and hence would seem to be contraindicated 
in severe traumatic cases. 

In America, sodium amytal has been used more for complete anesthesia 
than any other barbiturate. This drug was popularized five years ago and 
was used quite extensively in some clinics. It was given by intravenous 
injection in doses large enough to produce complete muscle relaxation for 
prolonged operations. After fairly extensive trial it was found unsafe to 
use such large doses because of the prolonged respiratory depression, pul- 
monary congestion and pulmonary edema following it. Patients were 
anesthetized many hours following the operation. 

The most recent barbiturate to be placed on the market for general 
anesthesia is sodium evipal. This drug is very soluble and is very rapid 
in its elimination. It should be used only as a quick, short anesthetic. 
Of course, if one administers large doses and repeats the injection when 
the patient begins to recover, it can be used for almost any kind of surgery. 
Actually that is what is happening in some clinics and fatalities are being 
reported. 

Our experiences with sodium evipal has not been extensive; some 250 
patients have received it. Our belief is that minimal doses should be used. 
It is satisfactory only for short surgical procedures that do not require 
much relaxation. It should never be given to patients with any evidence 
of respiratory difficulty. It is contraindicated in asthmatics. We have 
used it for reducing minor fractures such as simple Colles’ and Pott’s. In 
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such cases it has usually been satisfactory, but occasionally adequate re- 
laxation could not be obtained without giving a larger dose than we felt 
justified in giving. The only untoward results that we have seen were of 
a minor nature. Three patients became unruly and had to be restrained; 
a reaction which is not uncommon with any barbiturate. Two patients 
had a prolonged period of anesthesia, one lasting ten hours. Both of these 
patients had received larger doses than are recommended; both recovered 
satisfactorily. 

Sodium evipal seems to be a relatively safe anesthetic for short sur- 
gical procedures in properly selected cases. The prime indication for its 
use is a short procedure in an ablebodied young individual. It can be 
used for fractures that are easily reducible. It must be remembered that 
some individuals are unusually susceptible to barbiturates, but fortunately 
the number is small. If a barbiturate is to be given intravenously for 
complete anesthesia it would seem advisable to inject a fraction of the 
total estimated dose and then wait a few minutes before completing the 
injection. 

Novocain continues to be the most popular drug for spinal and other 
forms of regional anesthesia as well as infiltration anesthesia. Many other 
drugs are being used for the same purpose. The aim is to get a longer 
acting and less toxic drug than novocain. For general use novocain is by 
far the most popular. 

The results obtained in regional anesthesia are directly proportional to 
the surgeon’s knowledge of anatomy and to his care in making the injec- 
tion. So far as we know, novocain will always interrupt nerve impulses if 
it is brought in proper contact with that nerve, and poor results should 
always be attributed to failure in bringing about this contact. 

Obviously every patient is not a fit subject for regional or local pro- 
cedures. Highly strung, nervous and apprehensive individuals are not 
suitable and should have a general anesthetic if possible. Many patients 
prefer to be asleep when any operative procedure is being done upon them, 
and it is usually wiser to yield to such a desire. Again, if it is impossible 
to explain to the patient just what one intends to do and what sensations 
he may expect, because of language difficulty or lack of intelligence, it is 
probably wiser to give a general anesthetic. 

Every patient that is to receive novocain should have some preliminary 
medication, preferably a barbiturate, not only because of its hypnotic and 
sedative effect but also because it protects the patient against convulsions 
which do occur if novocain is accidentally introduced into a vein. 

For fractures of the lower extremities one has a wide choice in anes- 
thetic procedures by novocain. One can administer a low spinal anesthetic 
with a minimal dose of the drug and obtain complete muscle relaxation 
and absence of pain for from forty-five minutes to one and one-half hours. 
These wide variations in duration of action probably result from the 
difference in concentration of the drug that is brought in contact with the 
nerve roots. Such variations are certain to occur with any “single-dose” 
anesthetic that cannot be increased or decreased at will. But spinal anes- 
thesia is particularly satisfactory for pelvic and lower extremity operations; 
the percentage of unsatisfactory results is quite small. 

Untoward reactions do occur under spinal anesthesia and these are 
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probably related to the number of vasoconstrictor fibers that are paralyzed 
by the drug. Enthusiasts state that they have never observed any marked 
reaction with spinal anesthesia but prolonged experience contradicts such 
statements. Accumulated clinical and experimental evidence indicates 
that small doses of the drug should be used and an attempt should be 
made to confine the drug to a limited number of segments of the spinal 
cord. In addition, some drug, such as ephedrine, which acts on the blood 
vessels directly, should be administered before a spinal anesthetic is in- 
jected. i 

Some surgeons have used spinal anesthesia for operations on chest, up- 
per extremity, and even on the head. Such procedures carry with them a 
definite risk that is not present, when a low spinal anesthetic has been 
given. Because of proximity to the phrenic and medullary centers in high 
spinal anesthesia it would seem that the procedure is not justified. 

When fractures are so situated in the extremities that the sensorimotor 
nerves can be injected with novocain above the site of fracture, this be- 
comes an ideal form of anesthesia. However, anesthetization of motor 
nerves is difficult to obtain; but when accomplished, muscle relaxation is 
complete and of sufficient duration for almost any surgical procedure. It 
is of course ideal if the anesthetic is placed directly in the nerve because 
the action of the anesthetic is thus considerably prolonged over other in- 
jections. However, if a 2 per cent solution of novocain is placed in 
proximity to a nerve, anesthesia results because of diffusion. The technic 
of injecting peripheral nerves is thoroughly covered in Labat’s book on 
regional anesthesia. His work is based on anatomical studies and em- 
phasizes the importance of a thorough knowledge of regional anatomy if 
one is to obtain good results. The method deserves a much greater trial 
than it seems to have had. It requires strict attention to detail, a point in 
its favor, but also a point that causes it to meet with disfavor in the hands 
of some surgeons. 

In the upper extremity the nerve supply is so concentrated in the 
brachial plexus that it is easily accessible to injection. When this is com- 
bined with a subcutaneous collar of novocain about the upper arm, com- 
plete anesthesia is obtained. It must be pointed out that brachial plexus 
block is not always successful. There are two anatomical reasons which 
may be responsible for failures. The cords of the brachial plexus are quite 
thick and massive and therefore the central fibers are reached with diffi- 
culty by simple diffusion alone. Again these cords are surrounded by pro- 
longations of the deep cervical fascia which also offers resistance to the 
penetration of an anesthetic drug. However, if these cords are directly 
injected with the anesthetic solution complete anesthesia is always ob- 
tained. It is possible to inject the individual branches of the plexus at 
lower levels in the arm, forearm and hand and obtain excellent anesthesia. 
Personal experience with nerve block at the elbows in some 90 cases of 
lower forearm fracture has been quite satisfying. In such cases one can 
obtain an a-ray after reduction and, if further manipulation is necessary, 
it can easily be done before sensation and muscle rigidity have returned. 

In the reduction of extremity fractures that require comparatively 
little muscle relaxation, novocain may be injected directly at the site of 
fracture, that is, into the hematoma which occurs. If the hematoma is in a 
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fluid state and blood can be aspirated, novocain can be injected with an 
assurance that anesthesia will follow. Even if no blood can be aspirated, 
if novocain is carefully injected about the site of fracture, being certain 
to surround the bone completely, anesthesia can be obtained. Such pro- 
cedures do not usually give very good relaxation of muscles but if nerve 
block above the site of fracture is combined with them, relaxation is ob- 
tained. Absolute surgical cleanliness must be maintained in making these 
injections. 

In the light of what has been said it becomes obvious that no hard and 
fast rule can be set down regarding the choice of anesthetic for a given 
patient with a given fracture. It is customary to list a series of indica- 
tions and contraindications for this or that anesthetic drug. However, a 
set of circumstances thought to constitute a definite contraindication by 
one individual are not so considered by another. Of course one would not 
administer ether to a patient with a marked acute upper respiratory in- 
fection, nor to a diabetic. Also one would not administer spinal anesthesia 
to an infant or to a patient with a marked abnormality in blood pressure 
level. Again, one would not expect to effect a prolonged open reduction 
of a fracture under sodium evipal anesthesia. 

The proper choice and administration of an anesthetic requires about 
the same degree of intelligence and skill as does the actual operation itself. 
All of the agents used for anesthesia have their good points as well as 
their bad points. This is evidenced by the fact that thoughtful men are 
using all of these drugs—some are partial to one and some to another. 
The results seem to depend upon both the experience and the finesse with 
which the preanesthetic medication and the anesthetic itself are admin- 
istered. It therefore becomes mandatory for the surgeon to know the char- 
acteristics of the drugs he is ordering for his patients or to delegate that 
phase of his surgery to some one who does know these characteristics. 

Anoxemia and Anesthesia.—No problem confronts the anesthetist more 
often than does that of toxemia. Haldane has said that few things are of 
more importance in practical medicine than the causes and effects of want 
of oxygen. 

There is practically no storage for oxygen in the body. A fresh supply 
must be exposed to the pulmonary blood, by way of the lungs, almost from 
second to second. Clinically anoxemia presents itself to us first as cyanosis. 
It is true that many patients have become adapted to lowered oxygen 
tensions without apparent ill effects. This is especially true in patients 
with chronic pulmonary or cardiac disease. Such patients may be some- 
what cyanotic for months or even years; they have become acclimated 
just as individuals living at high altitudes have become acclimated. How- 
ever, if an acute cyanosis is produced, as is often the case during anes- 
thesia, ill effects may be produced. 

Experimental evidence is accumulating which tends to illustrate some 
of these effects produced by a lowered oxygen tension. The work of Ray- 
din and his group on chloroform poisoning is a good example. They have 
shown that it requires about three times as much chloroform, if it is given 
with pure oxygen, to produce a given degree of liver damage, as is re- 
quired to produce the same change if the chloroform is given with room 
air, which contains only 20 per cent of oxygen. Another bit of experi- 
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mental evidence shows that the pulmonary artery pressure begins to rise 
as soon as the oxygen intake of the animal is lowered. This, of course, 
means that the right heart has an added burden placed upon it. 

Anoxemia of some degree may exist regardless of whether the anes- 
thetic is administered by inhalation or not. This is especially true with 
such drugs as the intravenous anesthetics and with avertin. These drugs 
are known to have a depressing effect on the respiratory center. 

The prevention of anoxemia depends on several factors. There must 
be an adequate airway for getting the oxygen into the patient. An abun- 
dant supply of oxygen shouid be given at all times. The anesthetic should 
not be given in doses which markedly depress the respiratory center. 

It cannot be too strongly stated that the choice of an anesthetic for 
fracture treatment is as important as for other surgical procedures. There 
are inherent in the treatment of a fracture the shock-producing possibilities 
of “open” surgery, and these must be regarded. The patient should be 
under the care of a trained anesthetist. It is too much to expect that the 
surgeon, occupied as he is with the fracture, shall have time for supervising 
the anesthesia. 


CHAPTER XIX 


METHODS OF DIRECT FIXATION OF FRAGMENTS BY 
OPERATION 


Havine decided to operate, the final choice of the special procedure will 
depend somewhat on several different conditions: Irregularities of the ends 
of fragments; variations in the density of the bone or the holding power 
of the bone tissue; the necessity of stripping muscle attachments from the 
bone to secure access to the bone; the liability to considerable hemorrhage 
attending such an extended dissection; the probability of severe muscle 
pull displacing fragments and hence stressing the retentive fixation; the 
age of the fracture; the age of the patient; the amount of callus; the general 
condition of the patient; the presence of other wounds and injuries; the 
damage to the soft parts; the line of fracture, its obliquity or comminution. 

Methods of Securing Direct Fixation—(a) Impaction of the Fractured 
Ends Through an Incision —An irregular slightly oblique fracture in cer- 
tain situations may be locked through an incision without the use of in- 
ternal fixation apparatus. This operative procedure affords all the advan- 
tages of palpation and a direct vision of the fragments. 

Because a fracture seems to require an open operation does not neces- 
sitate the employment of any special form of fixation material. This is true 
especially of fracture of parallel bones, as of the tibia or of the radius with 
an intact fibula or ulna. An incision, removal of obstructing tissue, and 
leverage will result sometimes in reduction and close approximation. 

Leverage as employed in the operative treatment of fractures: Many 
fractures with displacement can be replaced by an incision over the site of 
the fracture and leverage upon the fragments. Often simple locking of the 
fragments will maintain reduction of the fracture. I have had constructed 
and have used for some years a set of levers for this purpose. One side of 
each end is rough, one side is smooth, each side is grooved. The long 
lever thus devised makes the procedure of leverage comparatively easy to 
carry out. The use of instruments ill adapted is harmful and often ineffec- 
tive. The conception that every operation upon a fracture necessitates 
the use of some metallic fixation material is unfounded. Simple incision 
and leverage is a procedure of value and importance and should be used 
more frequently than it is. 

An absorbable suture will maintain satisfactory apposition in a certain 
few cases until suitable external splinting secures the snug permanent co- 
aptation of fragments. Fractures of the surgical neck of the humerus lend 
themselves to this method of treatment. 

(b) The artificial impaction of reduced fragments may be supple- 
mented in certain instances by carefully placed absorbable, kangaroo, 
chromic catgut, or autofascial suture (Gallie). At times a wire suture may 
more securely and satisfactorily maintain reduction. 

19 289 
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(c) The Use of Wire and Bands of Steel—In certain circumstances the 
employment of wire and bands of steel for fixation of a fracture is advan- 
tageous. 

If wire is used, it must be soft, strong, and not brittle to allow of twist- 
ing. The standard gauge Nos. 18, 16, and 14, soft annealed, not hardened, 
iron wire, is useful. I have found aluminum bronze wire useful at times. 
The Vienna braided bronze wire is satisfactory. 

Instruments Needed in the Use of Wire—There will be required a 
small hook with which to catch the wire loop after it has encircled the 
fracture; a twister to tighten the wire and then to twist it securely; wire 
scissors or cutters; a hammer and blunt tamp with which to bend and 
approximate the wire to the bone after it has been twisted. 
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Wire has been used frequently by Archibald Young, Glasgow, success- 
fully. A recorded case of fracture of the lower jaw shows one method of 
use of wire. 

Wire may be used as a simple suture to steady two fragments brought 
into contact, very much as one at times uses a kangaroo and a chromic 
catgut suture. 

Wire may be used as a mattress suture introduced through holes drilled 
in the fracture fragments while held perfectly reduced by a clamp. Wire 
thus introduced should be tightened by twisting three times, cut, and the 
ends buried beneath the soft parts. Wire may be appropriately employed 
in fracture of the patella and in fracture of the olecranon. 

Wire may be used to coapt or appose small attached fragments to the 
main shaft. Wire thus maintains lateral pressure. 
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The most ideal place in which to use wire is in the long oblique frac- 
ture of the shaft of a bone, particularly in long oblique fractures of the 
shaft of the femur. In a long oblique fracture one encircling wire ever so 
accurately applied will not prove constantly effective. It is best to apply 
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two encircling wires. These should be placed a little distance from the ends 
of the fragments to secure the greatest mechanical advantage (Fig. 292). 

The Parham Band or, as It Is Known, the Parham-Martin Band.—The 
instruments needed for the application of the band: A Parham or Gatellier 











Fig. 288.—Parham-Martin band applicator. Band is introduced about fracture fragments, 
looped, attached to center rod of instrument. By turning wheel, rod is moved away from frac- 
ture, carrying loose end and tightening loop about fracture. 


(Paris) tractor. If the Parham tractor is used, a blunt aneurysm needle 
threaded may be used to pass the thread carrying the band about the 
bone. The aneurysm needle and the band are liable to become entangled 
in torn soft parts. The thread holding the band to the needle may break. 
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There may be considerable difficulty and delay in placing the band by this 
simple method (Fig. 288). The Hagie! band and introducer are useful. 
A hollow aneurysm or director-like instrument has been used. The 
es is threaded through the director and follows the director around the 
one. 
Gatellier’s instrument is useful and I give Stanley’s description of it 
(Fig. 289) : 


The threaded stem of the tractor ends in a shell “nose cap” which fits into the hollow 
extremity of a cylinder containing this stem. The latter at its end has a slit the exact size 




































































Fig. 289.—Banding instrument of Gatellier. (British Journal of Surgery, vol. 9, p. 259.) 


of the band. The band introduced through the slit meets an exactly similar slit in the 
“nose cap,” traversing the latter it meets a cam which lifts the moment the slot of the band 
engages the former, a spring snapping back the cam into the slot. The band is tightened 
about the bone by the wheel on the stem. The band is disengaged from the cam by slight 


pressure on a button. 


The instrument takes apart for sterilization and is easily reassembled 
and has proved satisfactory. The band used is of steel with sufficient car- 
bon to give it just the right degree of rigidity. The width of the band 


varies from 3 to 5 mm. 
1 Jour. Amer. Med. Assoc., March 20, 1926. 
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Cotton-Dunn Wire Applicator (Fig. 293).—The strand of wire used 
has a loop brazed at one end. The wire is passed about the bone and the 


Fig. 290.—Fracture of tibia and fibula. 
Band to tibia. Appearance eight months after 
the operation. A perfect functional and an- 
atomical result. Note a, a slight constriction 
by band. Age of patient forty. (E. G. 
Stanley and Jean Gatellier, British Journal of 
Surgery, vol. 9, p. 259.) 





Fig. 291—Same fracture band as in Fig. 
290 seven months after the operation. Note 
at a a rather large clear space in contact with 
the band. (E. G. Stanley and Jean Gatellier, 
British Journal of Surgery, vol. 9, p. 259.) 


_ Fig. 292.—Illustrating diagrammatically the correct placing at A and B the bands in band- 
ing a fracture. Note line of fracture and that one band would not hold as securely as the two 


well-placed bands. 


ends passed crosswise through the oval smooth edged hole in the tip, then 


up on either side of the cross-bar. 


(a) The looped end goes over the hook. 
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(6) The free end is clamped by a cam lock under the ring nut. 
(c) The handles are closed until the wire is fairly snug about the bone. 
The tension obtained is held by the ratchet. 

(d) The whole instrument holding the wire is turned so as to twist the 
wire. The smooth hole in the tip makes the spiral in the wire close to the 
meee (a) and crowds the turns down a bit. The wires are cut at this 
evel. 

(e) The loop is flattened over onto the bone. How close the wire 
band is drawn about the bone may be seen at f. 





A 


Fig. 293.— Using the Cotton-Dunn applicator. The strand of wire used has a loop (brazed) 
at one end. The wire is passed about the bone and the ends passed crosswise through the oval, 
smooth edged hole in the tip, then up on either side of the cross-bar (a). The looped end then goes 
over the hook (6), the free end is clamped by a cam lock under the wing nut (c). The handles 
are then closed until the wire is fairly snug. The tension is held by the ratchet (d). Then the 
whole instrument is twisted: the smooth hole in the tip makes the spiral close and the cross-bar 
(a) crowds the turns down close. The wires are cut at the level of e. The loop is flattened 
over onto the bone. How close the wire band is drawn may be seen from the insert at f. (Cotton- 
Dunn, Surg., Gynec., and Obst.) 


Operation of Wiring or Banding.—(a) The fractured ends of the shaft 
are exposed. 

(b) The fragments are accurately reduced. 

(c) They are carefully held reduced by a bone-holding clamp (Low- 
man). 

(d) The wire or band is made to encircle the bone at the appropriate 
levels. The encircling material is (e) tightened, (f) fastened, (g) severed, 
and (h) the ends are folded into place. 

The deep and superficial soft parts are carefully closed over the bone 
and the internal splint by interrupted absorbable sutures. The skin wound 
is closed by interrupted Michel clips or fine linen or fine silkworm-gut. 
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The application of the band to certain long oblique fractures of the 
shafts of long bones is ideal in its results. Certain comminuted fractures 
may be assembled and held firmly reduced, coapted by the band. The 
band is flat. The underlying bone is less likely to be damaged than by a 
tightly constricting wire. 

The Process of Repair in the Presence of Encircling Bands—By the 
fifteenth day (Stanley and Gatellier') there is seen by roentgen ray a 
shadow surrounding the operative bone field. By the twenty-fifth day the 
same observers record that the shadow extends along the shaft of the bone. 
Callus surrounds and completely covers the band. If the band is properly 
applied there is no delayed union following its use. There is no necrosis 
of bone following the use of the band. The callus formation is delayed at 
the point of contact of the band and the bone. It has been noted that 
the callus is better developed on the side of the bone distant from or oppo- 
site to the approach to the bone, that is, opposite the incision in the soft 
parts. Many times the band is completely buried in bone and remains in- 
definitely innocuous. 

It is desirable that mobilization of joints contiguous to the fracture 
should begin as early as is compatible with safety, that is, as early as such 
mobilization will not interfere with repair at the seat of fracture. 

After using the band Stanley and Gatellier (Paris) began mobilization 
very guardedly in fractures of the forearm on about the second day after 
operation; in fractures of the leg about the fifteenth day; in fractures of 
the upper arm about the tenth to the twentieth day; in fractures of the 
femur about the fiftieth day. 

The external splint suited to these cases may be one of plaster of Paris. 
This splint may be bivalved. The mobilization of the limb will be com- 
paratively easily accomplished by removing the anterior part of the bi- 
valved plaster of Paris splint. 

The limb I think may be best supported in a carefully applied Thomas 
splint. 

Removal of Wire and Bands.—I believe that it is wise to remove the 
wire or bands from the bone after they have served the purpose for which 
they were introduced, that is, the maintenance of reduction until sufficient 
callus has formed to hold the fragments securely. Having done their duty 
they should be removed to preclude all the disagreeable events which may 
follow in retention of foreign bodies, necrosis, refracture, sinuses, and osteo- 
myelitis. It makes no difference that a certain operator has used the band 
or wire for several years and advocates leaving them 2m situ as harmless. 
There are certain cases in my own experience and in the experience of 
others in which the band after having been employed ideally has given 
trouble and removal was compulsory, with otherwise satisfactory results. 
This experience, of course, may be duplicated. The fact that very occa- 
sionally some difficulty follows the correct employment of any method 
should not discourage the use of an efficient surgical procedure. 

Intramedullary Pegs or Grafts.2—Pegs of ivory or bone driven into the 
medullary cavity of the shafts of long bones afford a simple and at times a 


1 British Journal of Surgery, vol. ix, 1921-1922. 
2 Modern Methods of Treating Fractures, E. W. Hey Groves, The Macmillan Com- 
pany, 1921. 
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very efficient method of fixing fractures and stimulating bony union. That 
the intramedullary graft hinders and prevents union is disproved by clinical 
experience. If the peg or graft is loosely placed, obviously a fracture of 
the peg or graft may occur, or union may be delayed by the very great 
movement at the seat of contact. Slight motion at the seat of contact 
probably does not prevent, but rather stimulates, osteogenesis. If a peg 
or graft is placed in firm contact over a long distance in the bone medulla, 
no harmful effect may follow. The intramedullary peg is applicable to a 
clean aseptic closed transverse noncomminuted fracture. The peg or graft 
may be made of beef bone or be an autotransplant from the patient’s tibia. 
It is convenient to have at hand various sizes of beef bone pegs in case it is 
undesirable to secure an autogenous graft. These pegs or grafts may be 
for the radius or ulna about %4¢ inch in diameter; for the humerus 34 
inch; for the femur %4 inch in diameter. 

The medulla should be carefully reamed out by twist drills of the cor- 
responding size, so that when the pegs or grafts are admitted into place 
they will fit very snugly. In recent fractures a beef bone peg will serve 
every purpose. Only in ununited or old fractures will an autogenous peg 
graft be desirable. An irregular graft or peg of bone will often fit more 
snugly than a cleanly made peg or screw of bone, the very irregularity 
helping to secure firmness of contact. 

Mr. Hey Groves has recommended and used very mechanically ingen- 
ious methods of inserting pegs and grafts in the medulla. 


The Thrust or Nail Method—As in pegging the proximal ulna fragment to the shaft of 
the ulna in olecranon fracture; as in the long nail of bone into the neck of the femur through 
the base of the trochanter. 

The Thrust and Split Method —As in the long bone with no loss of substance; the graft 
is driven into one fragment, it being impossible to place it in the other fragment, that other 
fragment may be split for a few inches longer than the graft to be inserted. By saw and 
osteotome the split fragment is held wide open and the end of the graft is slipped in between 
the splits. These are allowed to come together and hold the graft. The split fragment may 
be encircled by wire temporarily to hold the split portion tightly against the graft. 

The Trapdoor Method—Like the split method, one end of the graft is thrust into one 
fragment and a trapdoor down into the medulla of the other fragment lets the graft into 
place, and the trapdoor is closed over and held securely in place by suture or temporary 
encircling wire or fascial band. 

The Side Grafting—One end of the graft is put into the medulla of one fragment and 
the side of the other fragment is prepared to receive as a graft the other end of the graft. 
This lateral graft is held to the fragment by peg of bone or ivory or by temporary en- 
circling wire. 

The intramedullary bone graft may be used in fractures that are trans- 
verse or nearly so, in fractures that are clean, and in fractures without 
great comminution of fragments (Hey Groves). The intermedullary graft 
may be advantageously used in certain fractures of both bones of the fore- 
arm, in fractures of the radius alone, and in certain fractures of the tibia. 

Disadvantages of the Intramedullary Peg—The necessary reaming out 
of the medulla destroys a certain amount of bone tissue. This is thought 
by some to hinder the reparative process so far as the medulla is a factor 
in this process. 

The fixative power of the intramedullary graft is not great unless the 
external splinting applied subsequently to the placing of the intramedullary 
graft is very effective. 


298 METHODS OF DIRECT FIXATION OF FRAGMENTS BY OPERATION 


There is a liability to a fracture of the peg particularly unless the ex- 
ternal splinting is continued until the bone callus is sufficient to take care 
of all strain. This has been shown experimentally by Davis. 

There is thought to be a definite interference with the circulation of 
medullary tissue in the reaming out process. This interference with the 
circulation is thought to have a deleterious effect upon the process of repair. 

Unless beef bone or ivory pegs are employed there will be two opera- 
tions needed upon the same individual at the same time in taking the graft 
from the patient’s tibia. 

Fragments are said at times not to be held in opei alignment by this 
method. In answer to this it may be stated that if great care is exercised 
in the postoperative supervision of such a fracture the alignment may be 
maintained. 
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Fig. 294.—Bolts made from Sherman screws, nuts, and washers. 


The Use of Bolts, Nails, Screws, and Pins.—Bolts can be occasionally 
used to advantage if the bone involved is approachable from both sides. 
An oblique fracture through a femoral condyle with separation Hey Groves 
selects as the type of fracture for bolts par excellence. The bolt cannot 
be displaced and is difficult to remove if this is ever necessary. Bolts of 
the thickness of 14, 55, and 34.4 inch are useful made of soft steel, easily 
cut by wire cutters. The small size is used for holding a step-cut of the 
humerus and the larger size is used for the shaft of the femur. In certain 
situations the smallest bolts and nuts may be used to hold the steel bone 
plate more securely even than screws will hold it (Fig. 294). 

Ordinary carpenter’s nails and nails of ivory and beef bone regularly 
fashioned or slightly irregular in contour have a place in the surgeon’s 
armamentarium. Lambotte employs fine wire nails for holding detached 
and displaced fragments, epicondyles and condyles, and displaced tuber- 
osities. Hey Groves ingeniously suggests that bone knitting needles will 
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Fig. 295.—Metallic bone staples for fixing fractures: a, Roux-Lane’s bent wire; b, Jakael’s cor- 
rugated; c, Schedd’s plain steel staple. (From Bickham, Operative Surgery, vol. ii.) 





Fig. 296.—Lambotte’s gold-plated bone spikes, three- and four-pronged. (From Bickham, 
Operative Surgery, vol. ii.) 





Fig. 297.—Lambotte screws used in holding bone fragments reduced. 
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be useful, for they can be cut with wire cutters the required length and 
fashioned at either end with a suitable file. 


Staples are at times extremely helpful in temporarily steadying bone 
fragments (Fig. 295). 





ad 


Fig. 298.—Fracture at ankle joint. (Henderson.) 





Fig. 299.—Same case as in Fig. 298. Appearance nine months after a beef bone screw 
operation. Note reduction of deformity and note especially the bone screw in the lower end of 
the tibia lying transversely to the long axis of the tibia in process of absorption. (Henderson.) 


Lambotte’s bone spikes are likewise useful (Fig. 296). 

Screws alone are useful in holding certain fractures reduced where only 
a point pressure is needed. Lambotte’s screws are effective (Fig. 297). 
More often beef bone screws (Henderson) or screws of ivory (Magnuson) , 
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if fashioned carefully and introduced slowly into well drilled and tapped 
holes, will prove effective. Sherman’s screws are made long for certain 
fractures. Because of their perfect construction these are the most de- 
sirable and suitable screws to be used. 

Archibald Young employs successfully small rownd nails of suitable 
length. He has found them useful in fractures of the bones of the forearm, 
fractures of metacarpal bones, and even of the phalanges. These fine pins 
or nails are easily introduced, cause the minimum amount of damage, and 
do not split the fine delicate fragments. 

































































Fig. 300.—Stille-Sherman bone drill. A powerful instrument adequate for the ordinary drilling 
of bone. 


There are certain phalangeal fractures with poor union which have 
been neglected, causing considerable disability, which Young has been able 
to refreshen and straighten to great advantage. One such case is seen 
illustrated on page 749. 

The Use of Steel Plates and Screws.—The employment of metal in some 
form to hold the tissues of the body fixed following various operative pro- 
cedures extends over many years. Fabricius in 1647 and Icart in 1775 
used metallic materials for suture in the soft parts and in bone respec- 
tively. Lane revived the experimental use of steel in fracture treatment. 

















Fig. 301.—Sherman’s combined screw holder and driver. 


Operation: Use of Steel Plate and Screws—The method of using the 
steel plate and screws in fracture treatment is described in Chapter XIX. 
It is a simple method. If used with care it is an effective method under 
certain conditions. The Sherman vanadium steel plate and screws are the 
most satisfactory of any plates and screws yet devised. 

The Sherman Vanadium Steel Plate—This plate combines extreme 
lightness with toughness and elasticity. The amount of steel in the plate, 
its exact shape, the number of holes for screws, all have been carefully 
arrived at by much study and experimentation (Fig. 302). 
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The Sherman plate will bend and ordinarily not break. The strength 
of the plate is due to the fact that it is made of an alloy vanadium steel 
and not a high carbon hard steel. The plate is slightly curved in its trans- 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 302.—Sherman vanadium steel bone plates. This illustrates the set of plates conimonly 
used. 


verse diameter and is for this reason more easily and accurately adjusted 
to the slightly rounded surface of the bone. 

The Sherman Vanadium Tap Screw—The success or failure of the op- 
eration of using a plate in a fracture of bone may depend upon several 
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factors, but one of the most important is that the materials used plate 
and screws, be adapted to that for which they are employed. 

The Sherman screw is a machine screw. It is suited to the work to be 
done by it. 

The wood screw is conical in shape; its distal two threads do not en- 
gage. The flange is variable in size. The steel of the carpenter or wood 












































































































































































































































Fig. 304.—The Harte retractor and spat- 
ula. Used in operations on the shaft of long 
bones, particularly of the femur. Note rough- 


Fig. 303.—Full size six-hole Sherman plate. ened serrated surface at end. 






















































































screw is not uniform in quality, at times it is soft steel, the threads of thin 
strips; the screw then acts as a short plug, not as a screw. 

The Sherman screw contains three flutes on the end-cutting surface, 
which act as a tap and without which it would be quite impossible to drive 
home the screw. The tap-cut screw has a machine-cut head which affords 
a great purchase because of the rounded head. The under side of the head 
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is tapered and fits the shallow countersink provided in the plate. Fewer 
screws are, therefore, needed with this construction (Fig. 306). 

The screw has a small inner center punch which is driven part way 
into the shaft of the screw which includes the head. This center punch 
together with the slot enables the surgeon using the Sherman screw driver 





Fig. 305.—Fracture of the shaft of the femur in the upper third. Open operation. German 
silver plate used and wood screws, after the Lane pattern. Note the bending of the plate, the 
breaking of a screw, and the loosening and pulling out of screws. This illustrates well the 
inefficiency of the Lane type of screw and the weakness of silver plates. (Sherman.) 


to secure a direct drive in inserting the screw without a wobbling of the 
screw. 

The plates and screws should always be carefully inspected prior to 
being selected for final sterilization. 


Defects in construction may be found in screw or plate. A small burr or a little throw-up 
is found at the end of the screw when the flutes or slots are put in. Instead of the tap 
acting as a tap and providing a suitable place for the screw, the screw acts as a reamer 
making the drill hole larger than necessary. The screw fails to engage properly. The screws 
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Fig. 306.—Sherman tap screws illustrating three commonly used sizes. 





are designed with a small head; consequently, the plate may be thin and it is not weakened. 
The screw has 32 threads per inch. (See drawings of the two kinds of screws, Figs. 308 
309.) The screw is %4 inch in size. The drills used are %4 inch, commonly known as the 
Brown-Sharp 32 standard drills. The screw, therefore, is 864 inch larger than the drill. This 
means that the thread produced by the tap is 344 inch deep. The purchase, therefore, of 
these screws is very great on the bone (Sherman). 
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In fractures of the femur Sherman is using, and I believe this is wise, 
two screws which pass through both cortical parts of the bone—two 
through screws. These are seen in Fig. 310. The greatest stability at the 





Fig. 307.—Showing machine screw (on the left) and wood screw (on the right) in position: 
Greater holding power of machine screw. (After Hey Groves.) 
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Fig. 308.—Drawings to illustrate and to compare the steel and wood screws as used in bone. 
(Sherman.) 


seat of fracture enables the surgeon to institute early active movement far 
sooner than when less secure shorter screws are used. These transfixion 


screws, which have a hold on the two cortical layers of.the bone, placed 
20 
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equidistant from the line of fracture provide a maximum fixation with a 


minimum number of screws. No additional plate is needed for security in 
such cases. 
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Fig. 309.—Showing the action of wood and metal screws. The bone has been drilled and 
screwed by three screws: the left-hand one, an ordinary carpenter’s screw; the right-hand one, a 
Lane screw; and{the center one, a metal screw. The wood screws make only a faint spiral groove 


in the bone, while the metal screw thread lies in a deep slot cut for its reception. (After Hey 
Groves, Modern Methods of Treating Fractures, p. 176. 
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Fig. 310.—A diagram showing a Sherman plate and screws applied ideally to a fracture of a 


long bone. The correct place at which to place the screws which transfix both cortical layers of 
bone is indicated as equally distant from the line of fracture. (Sherman. 
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A steel plate and screws applied to the surface of a long bone are, of 


course, foreign bodies. The plate and screws are used primarily to hold 
bone fragments in direct contact and immovable. 
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The use of a steel plate and screws in the treatment of a simple closed 
fracture of the shaft of a bone is followed ordinarily by union of the 
fracture. 

Certain disadvantages said to follow the use of a steel plate: 

1. Delayed or nonunion. 

2. Sepsis of a low grade. 

3. Rarefying osteitis or softening of bone in the screw holes. 

1. Delayed union: The degree of union will be determined largely by 
the security of the fixation of the fragments. If a limb, with a fracture is 
left entirely alone and untreated, eventually muscular equilibrium will be- 
come established. Tension will be at an end. The fracture will heal by a 





Fig. 311.—Fracture (closed) of femur in a Fig. 312.—Fracture of shaft of femur. 
muscular well-developed young adult. Opera- Sherman bone plate with Sherman screws. 
tion; perfect reposition; steel plate used as seen Note the use of two long screws penetrating the 
in roentgen ray. Note exact reduction of cortex opposite the site of the plate. Firm 
fracture and the two long screws, one placed enveloping callus. (O’Neil Sherman.) 
either side of the fracture. These screws, pene- 
trating the cortex twice, serve to increase im- 
mobilization. (O’Neil Sherman.) 


granulation tissue callus. If fractured bones are fastened together by op- 
eration loosely, motion being allowed at the seat of fracture, muscle tension 
is constantly acting and, consequently, union is delayed. If the fragments 
of a fracture are fixed absolutely solidly so that there is no motion between 
them and they are in close contact, union will take place by first intention 
with a minimum of callus formation. Perfect fixation of a fracture may 
occasionally be followed by delay in union. This is due probably to an 
interference with the blood supply of the bone, either the periosteal, medul- 
lary, or the haversian vessels of cortical firm bone being involved. Delay 
in union is not ordinarily dependent upon the proper employment of a 
steel plate for purposes of fixation. 
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The frequency of the occurrence of a diminished callus following plating 
as compared with union after the nonoperative treatment is common 
knowledge. The diminished callus at the situation of the plate is not 
necessarily an occasion for delay in union of the fragments. The inhibitory 
action of the metal plate on the processes of bone regeneration has been 
emphasized. At times the part underneath the plate is found to be necro- 
tic, dead, rarefied (Leriche and Policard). Rarefaction about a screw hold- 
ing a plate has been noted under certain conditions. 

The firm application of a steel plate by screws to a bone is said to lower 
the resistance of these soft tissues involved including the hard bone. The 
necessary loosening of muscles some distance about the fracture to permit 
proper retraction of the soft tissues and access to the fracture causes con- 
siderable trauma and consequent severe reaction in the process of repair. 
The mechanical bearing surface of the plate in holding the fragments is 
the combined machined screw threads pressing against the tap in the bone. 
This is an efficient hold for a limited time. 

Because poor results and difficulties such as those mentioned some- 
times follow the misuse of plates and screws, this should not be allowed to 
militate against the proper employment of plates and screws when in- 
dicated. 

2. Sepsis after plating: If a plate is attached to a bone in such a way 
that slight but constantly recurring movement is permitted, it may cause 
mechanical irritation, bone absorption, fluid collection, sinus formation, 
and finally sepsis, especially if the plate is situated superficially, as under 
the skin overlying the tibia. 

If there is no tension on the screws other than that dependent on the 
presence of the screw in the bone tissues, the screws and plate will remain 
in the tissues indefinitely. No rarefying osteitis eventually necessitating 
removal of the screws and plate will occur. 

If, on the other hand, tension or stress is exerted on the screws because 
the fragments are not adequately supported and steadied by impaction or 
external splinting; if, in other words, the fragments are unbalanced, the 
bone tissue reacts to the continuous pressure, the screws become loosened 
and a rarefying osteitis occurs about the screws. It may be absolutely 
necessary to remove such screws and plate. 

Sepsis is due to something besides the presence in the part of a sterile 
plate and screws; something besides an error in the operative technic of 
sterilization—it is due to the faulty fixation of the bone, hence the sequence 
of events just mentioned—motion, irritation, absorption of bone, fluid col- 
lection, sinus formation, sepsis. Indifferent aseptic foreign plates do no 
harm in the tissues. Sepsis is often the result and not the cause of ineffi- 
cient mechanical fixation. 

3. Osteitis after plating: Considerable investigative work has been 
done on the behavior of the tissues, the reaction of the tissues to the pres- 
ence of metallic foreign bodies. The experimental work of Zierold! in this 
connection is a valuable contribution to this subject. Zierold asked the 
question: Does metal per se when implanted in bone exert an influence 
different from that of any other foreign body? His experiments included 
the insertion of various metals into the skull, tibia, and ribs of dogs. Holes 


1 Archives of Surgery, September, 1924, vol. ix, pp. 365-412. 
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were drilled in the bones and metal pieces of an exact depth and diameter 
were firmly inserted. 

The microscopical studies of the normal control showed a medullary re- 
action, likewise a reaction at the site of the cortical defect constant and 
uniform, but the thickness of the layer of new subperiosteal bone exhibited 
a variability. Both high carbon and low carbon steel when implanted in 
bone provoke the same type of reaction. The metal is incompletely sur- 
rounded by a thick zone of cellular connective tissue. Its outer end is free 


FES 





Fig. 313.—Patient fifty-three years old. Fracture of middle of right humerus, seen eleven 
days later. Operation eighteen days after accident. Four-screw plate used. After ten years 
perfect function; plate and screws still remain in place, causing no irritation. (Eliason and 
Hinton, International Clinics, vol. 4, Series 34, December, 1924.) 


and uncovered by any periosteum. The new bone production in the 
medulla is negligible, while in the cortical defect it is more scanty than 
in any of the other specimens, failing to approach the metal by a con- 
siderable distance. 

The section from the stellite implant shows the least departure from 
the normal. The type of reaction is similar and the degree is not outside 
the limits observed in the controls. Moreover, the new bone is so closely 
laid down about the metal that if a corresponding area should be blotted 
out of the control section it could not be identified. 
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In fact, it appears in this section that the metal merely occupies space 
affecting in no way the regeneration of the bone and periosteum. 

In the different types of tissues examined in the experiments there is a 
uniformity at least in the manner if not in the degree of reaction to the 
various metal implants, except in the second series involving the ribs. 
Here fracture of the bone at the point of injury had added a new and 
modifying factor in the mobility of the parts, and it is well to note that in 
each instance the fracture is attended by an excessive bony overgrowth, 














Fig. 314.—Patient twenty-nine years old. Compound fracture of left lower leg in lower 
and middle thirds. Operation fourteen days after accident. Four-screw steel plate used. 
Fourteen years after operation the plate and screws remain in position. The leg is functionally 
normal. (Eliason and Hinton, International Clinics, vol. 4, Series 34, December, 1924.) 


which does not correspond to the findings in the other series. Conse- 
quently, it may be taken that the movement of the part is responsible for 
the bone stimulation and not the presence of the metal. 

Bone is indifferent to the implantation of some metals and sensitive to 
the implantation of others. In the first group the metal remains unchanged 
during its placement in the tissues, while in the second group there is defi- 
nite evidence of varying degrees of corrosion. All other experimental fac- 
tors being uniform, the only conclusion permissible is that the tissue re- 
action depends to a great extent on the disintegration of the metal. 
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LeFort’s observation on the tolerance of the tissues to metallic masses 
Is that when the mass is nonseptic, nonirritating by its anatomical loca- 
tion or form or chemical nature, the organism tends to ignore it and the 
phenomena of defense do not appear. The usual reaction is the encapsula- 
tion in a dense wall of fibrous tissue. 

: Removal of the steel plate after it has accomplished the object for which 
it was used: I believe that the steel plate should be removed from the 


bone as soon as it is proved that union of the fragments is sufficiently firm 
to be held by callus. 
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Fig. 315.—Patient twenty-five years old. Compound fracture of middle third of the right 
tibia and fibula. Immediately reduced and steel plate applied to the tibia. Convalescence 
was without incident. After eleven years the plate is still present and there is no evidence of 
rarefaction of the bone. (Eliason and Hinton, International Clinics, vol. 4, Series 34, December, 


1924.) 


Granting that steel plates properly applied cause none of the conditions 
sometimes ascribed to them, such as infections, sinuses, pain, delayed union, 
danger of refracture, excessive callus, osteitis, even supposing that none of 
these conditions is caused directly by the plate and screws, the question 
still may be asked properly if the plate is applied primarily to hold frag- 
ments fixed and in apposition, why should the plate be left in situ after it 
has done its duty, accomplished its special object? It may not be neces- 
sary to remove the plate especially when it is seated under cover of muscle 
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Fig. 316.—Patient eighteen years old. Fracture of both bones of the left leg. Eighteen 
days subsequently tibia fracture reduced and a steel plate applied. After six and one-half years 
the above «-ray shows the plate in place and no local disturbance in the bone about it. (Eliason 
and Hinton, International Clinics, vol. 4, Series 34, December, 1924.) 

















Fig. 317.—Patient forty-one years old. “A right Pott’s fracture with dislocation of the foot 
posteriorly. Four days later plate applied to the fibula. After ten years the embedded plate 
is seen. The plate causes no trouble. Twenty degrees of motion at ankle. (Eliason and 
Hinton, International Clinics, vol. 4, Series 34, December, 1924.) 
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masses, but, in my judgment, it is wise to remove it. I believe it should be 
removed. If the plate is removed none of the difficulties attributable to 
its presence is likely to occur, for it is by the long-continued presence of the 
plate that most of the troubles are caused. 

Illustrations are here shown of the tolerance of steel plates for six and 
one-half, ten, thirteen, fourteen years respectively (Figs. 313-318). These 
illustrations of tolerance, of course, can be duplicated ad libitum. If a 
plate and screws are tolerated by tissues when applied in a certain fashion 
and under certain controllable conditions, then, if these conditions are re- 
peated, the same tolerance will be manifest. Obviously, it is the duty of 
the surgeon to reproduce at each operation in which it is necessary to use 
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Fig. 318.—Patient thirty-three years old. Fracture of lower end of the tibia and astragalus. 
Operation at once. A plate was applied to the tibia. After six months plate in situ and causing 
no disturbance. (Eliason and Hinton, International Clinics, vol. 4, Series 34, December, 1924.) 


steel plates and screws the exact conditions which permit such use without 
harm. I have attempted to state the conditions as far as known today 
which permit of the safe use of steel plates and screws. 

The Use of Ivory (Magnuson) —This method introduced by Magnuson 
several years ago (1909) and here described by him has given remarkable 
and ideal results. It is a mechanical method, simple, sound in principle, 
requiring special skill, special instruments, and is only to be used by 
surgeons of experience. I commend it as a method worthy of being ac- 
quired. Briefly, the method may be described as the fitting of an ivory 
key into a keyway in the shaft of the bone—the strongest form of mechan- 
ical union of shafts. 
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THE USE OF IVORY FOR INTERNAL FIXATION (MAGNUSON’S METHOD) 


The use of ivory has distinct advantages over other materials for holding bones in 
apposition. : 

(1) It is an animal tissue which is very strong, much stronger than beef bone of a given 
thickness. (2) It is slowly absorbable in a very large percentage of cases; in cases in which 
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Fig. 319.—Magnuson’s method of procedure in the insertion of the ivory splint or key as a 
splint in fractures of bone: A, Note bone-holding clamp out of the way of the saw; parallel-bladed 
saw outlining and cutting bed for ivory insert. B, Drilling at either end of the parallel saw cut 
to free the bed. C, Lifting out the respective parts of the bed. D, Clearing and freeing of all 
detritus well into medulla. E, The ivory insert. F, The ivory insert in place. Drilling a hole 
for reception of the peg to hold the insert. Peg seen in situ in one fragment and hole being 
drilled in other fragment. G, Excess or projecting ivory plate being removed flush with the 
cortex. H, Cross-section showing bone, ivory insert, and peg completely placed. (Magnuson.) 


it is not absorbed it is the fault of the ivory rather than of the tissues. Fresh, green ivory is 
absorbed. Hard, old, dry ivory does not seem to be absorbed. Neither variety, however, 
causes any irritation of the tissues with which it comes in contact. The z-rays taken of 
bones in which ivory has been used show that there is sometimes a slight softening of the 
tissues immediately surrounding the ivory; at least, they have the appearance of decalcifica- 
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tion after the ivory has been in place from six weeks to three months. But in no case has 
the ivory allowed motion between the fragments to a degree sufficient to interfere with holding 
the fractured bone absolutely in line or allowing the fragment to slip. 

Ivory Removed from Clean Cases Postoperatively—Magnuson has removed four pieces 
of ivory from clean cases; three have been ivory pegs which in 2 cases were used to hold an 
internal malleolus in contact with the lower end of the tibia; in another case the peg was 
put in obliquely through two fragments of a comminuted fracture of the clavicle. 

In these 3 cases the peg loosened enough so that it slipped out under the skin, which 
was very superficial, of course, and the end of the peg could be felt. There was no fluid 
around the protruding peg, no infection, and no redness of the skin. It was due rather to 
mechanical irritation of the superficial tissues on account of the thin nature of the covering 
of the bone, rather than an actual irritation of the ivory itself. They were all removed 
within three months after the operation. There was no absorption in any of them, and they 
were easily removed; although they could not be moved sideways in the hole in which they 
were situated, the smoothness of the surface allowed them to slip out easily. 

In the fourth case he had used two plates, one in the radium and one in the ulna, in a 
case of fracture of both bones of the forearm, between the pronators and supinators. The 
radius healed; the ulna did not. Subsequently he did a bone graft in the ulna and at that 
time removed the plate. It was not, however, on account of any irritation caused by the 
plate. The tissues were not edematous. The ivory was rather soft and felt almost like 
gelatin which had been allowed to get very, very hard. It had a translucency, and when 
removed in all of the cases it could be bent to a surprising degree. 

He has had an opportunity to see other bones which had had ivory placed in them at 
varying periods of from one to three years. In one case he had made a bone graft on the 
ulna as described (Internal Splinting of Bone, Northwest Medicine, December, 1920), the 
graft took, and one and one-half years later the patient, having used the arm freely in the 
interim, reinjured it, breaking the graft in the middle, at the point of former fracture where 
there had been poor filling in between the ends of the fragments, but good union of the graft 
to both fragments. In this case he could find no trace of the screws; the graft had solidly 
united at both ends, and at the point where he knew the screws had been placed there was 
simply a little heaping up of bone. 

In another case in which there had been used an ivory screw to hold the head of the 
humerus in apposition to the shaft after a malunited fracture at the surgical neck, he 
operated about six months subsequent to the first operation to remove considerable amount 
of callus which was blocking the forward motion of the shoulder. There had been no 
trouble from the ivory screw used, but being one of the first cases he had an opportunity 
to see, he took out a section of bone which contained the screw. This could be done in this 
case without damaging the patient or his result in the least. At that time he found the 
screw in solid contact with the bone on all sides, and absorption beginning to occur. There 
were osteoclasts lying in close contact with the ivory, and toward the medullary cavity there 
was some granulation tissue absorption. 


The advantages of ivory are as follows: 

1. It is a slowly absorbable material. 

2. It does not irritate either bone or soft tissues unless it protrudes 
into the soft tissues at a point where they can be pinched between some 
hard external object and the protruding ivory. 

3. It is stronger than any other material which has been used to retain 
fragments of bone in position except steel, and does not cause the atrophy 
of bone cells immediately surrounding it as may steel, at least not to a 
sufficient extent to allow undue movement between the fragments. 

4. On account of the method used it fits snugly and absorbs enough 
fluid from the surrounding tissues so that within twenty-four hours it fits 
more tightly than was the case at the time of insertion. 

5. On account of the absorption of fluids it becomes reasonably flexible, 
does not retain any brittle qualities, and consequently will give consider- 
ably without breaking. It is probably this flexible quality as much as 
anything else that makes it so kind to the surrounding bone. 
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Principles Underlying Use of Ivory by Magnuson’s Method.—The methods used are 
all based on the most accepted mechanical and engineering principles. The plates are not 
to be confused with the ordinary bone plate or steel plate which is screwed on the outside 
of the bone. There are two sizes of plates, and these should be called wwory keys rather than 
ivory plates because they are set in as a key in a keyway, which is the strongest form of 
mechanical union in shafts. They are not screwed on the outside; consequently they are 
braced on all sides by bone, and form an integral part of the bone, preventing any angula- 
tion. The large plates measure 134 inches long, 154g inch wide, 4% inch thick; the small ones, 




































































Fig. 320.—The use of Magnuson’s bone clamp: A, The drilling of the hole with the ordi- 
nary drill. B, The tapping of the hole with tap screw. ©, The introduction of the bone or 
ivory screw. (Magnuson.) 


114 inches long, 34 inch wide, 342 inch thick. Plates are used only in transverse fractures or 
nearly transverse fractures and their use is not to be confused with the use of ivory screws 
which have been found much more advantageous than plates in oblique fractures. It is 
also pointed out that ivory screws are never used in connection with ivory plates or keys. 
They are separate and distinct in their mechanics and their uses. Ivory plates, the large 
plates, are used in femurs and tibias, and the small ones in all the other long bones. 

The Method of Using Ivory Keys Is as Follows (Fig. 319) —Fragments are put into 
line and clamped with a clamp such as the Magnuson or Hoagland clamp, which allows a 
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space between the jaws to insert either a bone graft or a plate without interference from 
the instrument. Parallel circular saws (A), the blades being held at the right distance apart 
by a washer previously put between them, are used to make two parallel incisions in the 
bone. These parallel incisions measure over all exactly the width of the plate to be used 
and are parallel to the long axis of the bone. 





Fig. 321.—Ivory plate and peg showing absorption effected within three months after insertion. 
Ivory lasts some time, but is eventually completely absorbed. (Magnuson.) 


These parallel incisions are joined at each end by drilling a hole (B), which is easier 
than chiseling or sawing between the saw cuts. The thin piece of bone remaining between 
the saw cuts is then lifted out, leaving a slot in the long axis running through one side of 
the cortex into the medullary cavity. 





Fig. 322.—The points of two threads of an ivory screw, 1 and 2. Note the new bone growing 
into the ivory at the base of the threads. (Magnuson.) 


A scraping chisel is then used to smooth off the inner side of the opposite cortex (Gs 
that is, with a scraping motion the rough medullary substance on the opposite side of the 
bone and directly underneath the slot is scraped off by running the chisel longitudinally up 
and down in the slot, the chisel being made just thick enough so that it will fit into this 
slot; it is used on the principle of a floor scraper. 
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The wory plate then is driven in edgewise so that, in case of the large plate, it lies across 
the fracture 134 inches long, having about % inch on each side of the fracture line, one edge 
protruding usually beyond the cortex, at the place it was inserted (F and G). 

There is only one plane now in which this fracture can move, and that is in the plane 
which was taken by the saws in making the cut. It is, therefore, necessary to prevent 
motion to hold the plate down into this slot or keyway, and a drill is provided which will 
emake a hole exactly tle size of an ivory pin (peg or nail) (F). With this a hole is drilled 
through the cortex which lies toward the operator, the end of the plate lying on one side 
of the fracture line and the cortex opposite from the operator. The drill is withdrawn and 
an iwory peg, which fits this hole perfectly, is inserted (H). This operation is repeated on 
the: opposite side of the fracture line. The pegs need go in at no particular angle except 
that most convenient for the operator, but they must lie crosswise to the plate in order to 
hold the plate down into its slot. The pegs are cut off flush with the cortex of the bone. 

There is usually left the edge of the ivory key or plate extending beyond the cortex 
of the bone. This is removed by using a small circular saw, cutting the plate off flush with 
the cortex also. 


This method is applicable on any transverse or nearly transverse frac- 
ture where there is little or no breaking up at the ends of the fragments. 
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Fig. 323.—Fracture of the shaft of the femur in a child, eight years old. Impossible to replace. 
Operation done. (Magnuson.) 


It is of no service in comminuted fractures because the plate is not long 
enough to bridge any considerable comminution and be attached to the 
main fragments. They could be made longer, but Magnuson thinks that 
a key is not applicable unless it can be inserted as a key and braced on 
three sides by the substance into which it is inserted. Where there is any 
considerable comminution this cannot be done. Therefore, the mechanical 
principle on which the operation is based is lost. 

Results of Use of Ivory Key (Magnuson) —This method has been used 
in fractures of the femur for over ten years without a single mishap in the 
way of having an ivory plate break or having to be removed. Magnuson 
has not had a single infection in a femur where ivory plates were used, 


PRINCIPLES UNDERLYING USE OF IVORY BY MAGNUSON’S METHOD 319 


which means that there is no irritation by the substance used and that 
there has been little damage to either the bone or the soft tissues in its 
insertion. He is so confident of results in femurs that he has adopted the 
principle of leaving a full length cast on for ten days to two weeks only, 
at the end of which time the cast is cut off behind at the level of the flexion 
fold of the knee and allowed to extend down along the sides about 4 to 6 
inches farther, so that it braces the tibia and the knee joint and prevents 
lateral motion. The patient is allowed to be up on crutches with a high- 
soled shoe on the opposite foot. Magnuson operates on all fractures of the 





Fig. 324.—Same femur as that in Fig. 323. An Fig. 325.—Fracture of shaft of a 
ivory plate introduced; union solid. Absolutely perfect femur in an adult. An ivory plate 
alignment. Result functionally perfect. a«-Ray six inserted as a key, with ivory nails. 
months later showing shadow of ivory plate and faint Fracture of femur immediately after 
shadow of ivory nails, with no rarefaction of bone around operation. Note faint shadow of 
them. This plate was put in ten years ago. There has_ ivory plate and faint line of ivory 
been no irritation and growth has progressed normally. nails. (Magnuson.) 

(Magnuson.) 


femur except compound fractures and those very near the knee joint by 
this method. 

Knee-joint Disability Following Key Method.—He feels that the dis- 
ability that occurs in the knee from immobilization is greater and more 
persistent than any other disability incurred as a result of fracture of the 
femur. He has had no shortenings, no infections and no deaths. Ninety 
per cent of patients with simple fractures of the femur which he has oper- 
ated in this way have returned to work within six months, and one case 
which he recalls went to work as a switchman on a railroad within three 
months from the date of the injury, without any disability of the knee or 
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any shortening of the leg. He has never had to remove a plate or a screw 
from a femur. 

There are two 2-ray pictures of femurs treated in this way. One a man 
of twenty-two years; the other a child of four. 

In view of the results obtained, Magnuson feels that his established 
asepsis and general technic warrant continuing the use of this method. 

Ivory Screws.—This method is extremely simple and the most effica- 
cious method of holding together fragments, either large or comparatively 
small, firmly and without fear of displacement; the only requisite being 





Fig. 326.—Fracture of the femur. Same Fig. 327.—Same femur as seen in Fig. 326 
case as seen in Fig. 327, six months later. taken at right angles to that figure. Fracture 
Note union and alignment and disposition of of femoral shaft. Ivory key plate inserted. 
good callus. Still shows faintly ivory plate and Note union and key of ivory in situ. Notice 
peg; good callus formation covering the plate ivory nails running through plate at different 
completely. (Magnuson.) angles still visible, with no rarefaction of the 

bone around either plate or nails. (Magnuson.) 


that the obliquity to the transverse axis be great enough to allow a screw 
to be put through from one fragment to another without being at more 
than a 45 degree angle with the long axis of the bone (Fig. 320). 


A drill is furnished which makes a hole the diameter of the screw, taken at the base 
of the threads; that is, it is smaller than the screw by twice the depth of the thread on one 
side. This hole is put through at any angle to the long axis of the bone, but preferably at 
some angle between 45 and 90 degrees. A tap is then used to cut threads in the bone 
exactly the size of the screw to be used. This tap is patterned exactly after the mechanic’s 
tap and is used in the same way. There is one precaution to be taken, and that is, that 
in holding the tap handle in the operator’s hand, the same axis must be maintained throughout 
the cutting of the threads. Otherwise the proximal end of the hole would be enlarged by 
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the sharp, cutting sides of the tap, and instead of a perfectly cylindrical hole there would 
be a conical hole made which would not allow the firm approximation between the screw and 
the bone. The tap is removed and an ivory screw, made with a square head and fitting 
into a socket wrench, is turned in until the point of it approaches the distal cortex of the 
bone. It is brought to a stop when the point is just through this cortex and the protruding 
end toward the operator is cut off flush with the bone. In long, oblique features two or 
more of these screws may be used. They come in two sizes, as do the taps and drills, and 
are as near fool-proof as anything in the mechanical line can be made. 


These screws are also used in holding inlay and overlay bone grafts in 
approximation, instead of sutures of silk or kangaroo tendon. They hold 
much more firmly and are much more easily and quickly applied. 

The Sterilization of Ivory Plates, Nails, and Screws—lIvory plates, 
nails and screws should be sterilized by placing in the autoclave under 
high steam pressure for one hour. They should be kept in either an air- 
tight jar or in a room in which moisture is supplied artificially or by nature. 
Sterilization by chemicals should be avoided, as it makes the ivory brittle. 
Boiling in water warps and swells the ivory. 

21 


CHAPTER XX 


SURGICAL APPROACHES TO THE BONES 


One factor contributing to the good surgery of fractures is a knowledge 
on the part of the surgeon of anatomical approaches to the bones and 
joints. The approaches to other operative fields have been carefully studied 
and formulated, and the importance to an operative procedure of an appro- 
priate approach is generally appreciated. 

The approaches to bone! (a) should be anatomical, that is, should 
have regard to gross structure and arrangement; (b) should be the least 
damaging to the soft structures; (c) should afford easy and ample access 
to the part involved; (d) should preserve when practicable both sensory 
and motor nerves; (e) should avoid injury to muscles; (f) should con- 
serve the blood supply to the part including the nutrient artery of the 
bone; (g) should have regard for fracture fragments (vascular supply, 
preserving periosteal covering, etc.). The surgeon operating most success- 
fully in any field ordinarily will be the one familiar with nonobviously 
practical anatomical knowledge. Such knowledge will afford a background 
for the most intelligent work. In general, with few exceptions, the surgery 
of the extremities, the operative surgery of fractures, is of a low order of 
excellence because no intelligent systematic regard for anatomical ap- 
proaches to fractures has been thought important. 

The Clavicle——Ordinarily access to the clavicle through the conven- 
tional direct approach from in front over the bone leaves a cicatrix that 
may be unsightly. The anterior direct approach may be concealed by 
very careful suture of the platysma, by using subcutaneous catgut sutures, 
and great care in approximation of skin edges. 

Soutter has suggested an incision for the avoidance of anterior scars in 
approaching the greater part of the clavicle. It extends from the spine of 
the scapula forward over the deltoid, up over the shoulder tip just within 
the outer end of the clavicle. The anterior portion extends down in front 
just internal to the anterior axillary line and then at right angles 1 inch 
inward. The incision is placed where it may be covered easily by a shoulder 
strap of the clothing. 

The Humerus.—Access to the humerus may be necessary (a) at its 
upper end, (6) along the shaft, and (c) at its lower end. The method of 
access here depicted and advocated lays bare the front of the humerus 
from end to end, having the musculospiral nerve protected and concealed; 
if further exposure of the nerve is required, the nerve is directly available. 
The method described respects anatomical structures, gives ample access 
to the bone, and conserves time and effort (Thompson, Henry). 

The Operation.—The patient lies with the limb at the side completely 
supported. The elbow is extended, when necessary flexed. If desirable 
the limb may be abducted by an assistant. 

1J. E. Thompson, Texas, Annals of Surgery, September, 1918; A. K. Henry, Dublin, 
British Journal of Surgery, vol. xii, No. 45, 1924. 
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Note the attachments of the several muscles 


(After Spalteholz.) 



































fracture. 
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Fig. 328.—A drawing to be consulted prior to 


of the humerus. 
humeral shaft. 


to the radius and ulna. 


324 SURGICAL APPROACHES TO THE BONES 


Incision—For exposure of the shaft the skin incision (Fig. 330) fol- 
lows essentially the cephalic vein from the tip of the coracoid process to 
the bend of the elbow, and is continued into the forearm in the middle line 
of its upper third. The vein is exposed and the outer edge of the biceps 
belly defined by dividing the deep fascia on its outer side (Fig. 331). 

To expose the lower distal part of the shaft of the humerus the incision 
is deepened, dividing the deep fascia. The humeral shaft may be reached 
at the deltoid border (Figs. 331 and 333). The inner three fourths of the 





Fig. 330.—Drawing to show the desirable line of the skin incision in operations approaching the 
humerus and elbow. (After Henry, Dublin.) 


wide brachialis muscle are covered by the biceps belly (Paulet—Figs. 
328 and 331). Retraction of the biceps belly mesially will find the brachi- 
alis muscle lying on the bone. Divide the brachialis, splitting it to the 
bone (Fig. 332). The splitting takes place along the dotted line of the 
diagram and where the fibers are longitudinal. The outer strip of the 
brachialis, thus separated, forms a muscular buffer which protects the mus- 
culospiral nerve from injury (Fig. 335). The nerve is not seen if only the 
front of the humeral shaft is exposed. The back of the shaft likewise can 
be cleared safely while the nerve remains concealed. 
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The musculospiral nerve (radial) lies about a fingerbreadth below the 
insertion of the deltoid muscle. The nerve can be found by further mobil- 
izing the brachialis and retracting it backward. It lies in the plane be- 
tween the brachialis and the brachioradialis. Pulling the brachialis away 
from the bone removes the nerve from contact with the bone so that the 
periosteal elevator may be passed safely close to the bone without injury 
to the nerve (Fig. 335). The nerve is most lax when the arm is adducted 
and the elbow flexed to 80 degrees, hence, in this position the nerve is pro- 
tected. The incision may be carried through the lower part of the bra- 
chialis to within two fingerbreadths of the level of the epicondyles without 









M. deltoideus 


M. pectoralis major 


M. triceps brachii 


M. brachialis 
M. biceps brachii 


M. brachioradialis 


M. anconeus f 4 
M. extensor carpiradialis longus 


Extensor carpi 
radialis brevis 


Fig. 331.—Approaches to the humerus. Musculature of the right upper ee a 
ing shoulder, upper arm, and elbow from the outer side. The uncovered outer cu of : : 
brachialis appears between the biceps and the brachioradialis and extends behind the pointe 
deltoid insertion. It can be used as a buffer to protect the radial (musculospiral) nerve. See 
text. 


entering the elbow joint (Fig. 333). Flexion of the elbow toa right angle 
relaxing the muscle masses leaves the bone widely accessible through a 
comparatively shallow wound. The front of the humeral shaft is thus ex- 
posed in its entire length. Above, the retraction of the deltoid may be 
increased by abduction of the arm. Good access to the proximal end of 
the humerus is not always obtainable. é 

The shoulder joint and the upper humeral shaft, including the tuber- 
osities, may be exposed by retracting the deltoid fibers outward, but, as 
Henry points out, the deltoid forms a thick and rather unyielding curtain 
which when pulled aside gives a grudging revelation of the shoulder joint. 
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By continuing the skin incision’ outward from the coracoid process on the 
upper surface of the clavicle to the acromioclavicular joint, the skin is re- 
flected, the deltoid clavicular origin is developed. Divide the fascia and 
periosteum on the upper surface of the clavicle. With a chisel detach the 
edge of bone giving origin to the deltoid as far as the acromioclavicular 
jomt. The deltoid can then be turned outward on a hinged piece of bone 
(Figs. 333, 334). An ample view of the upper end of the humerus is thus 
gained. 





M. biceps brach 


M. brachialis 


—- M. pronator radii teres 


; Fig. 332.—The approach to the anterior surface of the lower fourth of the humerus. Sepa- 
ration of the split brachialis from the bone. By continuing the incision downward sufficiently 


(Fig. 330) an anterior approach to the elbow joint is provided. (After Henry, Dublin, British 
Journal of Surgery, vol. xii, No. 45, 1924.) 


The Elbow Joint—This joint can be approached anteriorly by extend- 
ing the incision through the brachialis. The tip of the coranoid process 
and the trochlea become visible and with adequate retraction the head of 
the radius and the capitellum appear. After completing the bone opera- 
tion careful extension of the elbow, before suturing the fascia, closes the 
wide wound in the muscle and renders easier suture placing in the divided 
edges of the fascia (Fig. 332). 


The Lower End of the Humerus—Posteriorly the condylar surface of 
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M. deltoideus — 
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Fig. 333.—Approach to the humeral shaft. By displacing the deltoid outward by a hinged 
chip cut from the clavicle (Fig. 334) the whole shaft of the humerus will be accessible. By 
detaching the part of the brachialis which extends behind the deltoid tip the (radial) musculo- 
spiral nerve can be found. (After Henry, Dublin.) 





A B Cc 


Fig. 334.—Cut the hinged chip from the clavicle along the dotted line shown in A. B, 
Turn the deltoid out upon the hinged chip. C, Reconstitute the deltoid origin with two sutures 
which tie the chip back into place. (After Henry, Dublin.) 
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Fig. 335.—Diagrammatic transverse section of upper arm: A, Cephalic vein; B, biceps; C, 
brachialis; D, musculospiral nerve (radial); E, triceps. (After Henry, Dublin.) 





= 


Fig. 336.—To illustrate a curved incision (see insert) for approaching fractures of the lower 
end of the humerus which lie close to or enter the joint surface of the humeral trochlea. The 
ulnar nerve is seen behind the internal condyle. The olecranon process is shown divided trans- 
versely. The small fragment is retracted upward. 
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the humerus is easily reached through a splitting of the triceps muscle. 
The splitting should be made a little medial to the center of the muscle. 
Thus, in extending the incision upward there will be a minimum danger 
in opening the tissues surrounding the musculospiral nerve (Fig. 345). 
This approach facilitates the application of plates and screws in recon- 
structing the lower end of the bone following T and Y fractures of the 
joint. Making the median posterior incision a bit lower than the olecranon 
tip, by division longitudinally of the fibers of the flexor carpi ulnaris and 
a bit of the anconeus and by peeling these muscles from the medial and 
lateral surfaces of the olecranon, access to the posterior surface of the 
humerus is easy. 


Reflected 
deltoid 





Fig. 337.—To illustrate the approach to the shoulder from behind by division of the scap- 
ular spinal origin of the deltoid fibers. Insert: Note lines (A-B, B-C) of incision. B’ is ap- 
proximated in suture to B. 


The Lateral Approach to the Lower End of Humerus.—An incision is 
made over the external condyle (Fig. 341). In skilled hands, separating 
the brachioradialis and the extensor carpi radialis longior and retracting 
posteriorly the radialis longior and brevis, the external condyle is well ex- 
posed. The nerve supply of the extensor carpi radialis longus must be re- 
membered. It may be damaged (Thompson). The musculospmral nerve 
will be seen toward the lateral edge of the condyle, lying beneath the belly 
of the brachioradialis. The supinator brevis will be seen deep in the wound. 

A more posterior and lateral external approach, which at times is de- 
sirable, may be made between the extensor carpi radialis brevis and ex- 
tensor digitorum communis anteriorly and the extensor carpi ulnaris and 


330 SURGICAL APPROACHES TO THE BONES 


anconeus posteriorly (Fig. 339). If it is essential that the external lateral 
approach should be supplemented by an internal approach, a curved in- 
cision may be made over the internal condyle to the bone. All muscular 
origins and attachments may be separated from the bone. The position 
of the ulnar nerve and its relations must be constantly in mind. 






M. triceps brachii | = — M. biceps brachii 


Meee MM brachialis 
M. brachioradialis 
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M. extensor carpi radialis longus 


M. anconeus 


M. extensor carpi radialis brevis 
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M. extensor digitorum communis 


M. abductor pollicis longus 


M. extensor pollicis brevis 


M. extensor pollicis longus 


Fig. 338.—Note musculature of the elbow and forearm and wrist from the outer side. The 
approach to the humerus and radius is through definite muscle planes. 


If far greater access to the humerus on the outer side is needed than 
the above approaches permit, the origins of the extensor carpi radialis 
brevis and the extensor carpi radialis longus may be in whole or in part 
severed or peeled from the bone and retracted (Fig. 341). 

Certain Landmarks——The insertion of the deltoid muscle into the 
lateral aspect of the shaft of the humerus is a bit above the middle of the 
bone and just above the musculospiral groove (Fig. 328). 
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The musculospiral groove is on the middle third of the shaft of the 
humerus and lies very obliquely. In it lie the musculospiral nerve and the 
arteria profunda humeri (Fig. 340). 

A line drawn vertically upward along the middle of the humerus pos- 
teriorly would touch the musculospiral groove at a point near the lower 
part of the deltoid insertion. The nutrient foramen is on the anterior 
medial surface of the humerus near the insertion of the coracobrachialis. 











’M. triceps brachii M. brachioradialis 
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M. extensor carpi ulnaris 
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M. abductor pollicis longus 


M. extensor digitorum communis 


Fig. 339.—Approach to the outer side of the elbow region. By retracting the extensor carpi 
radialis longus and brevis anteriorly and by retracting posteriorly the extensor carpi ulnaris and 


digitorum communis the supinator brevis is exposed, and above it the external condyle. 


The posterior aspect of the shaft of the humerus in the neighborhood 
of the groove should be avoided or approached with care during any opera- 
tive procedure. 

In the posterior approach to the lower end of the humerus splitting the 
triceps does not interfere with its nerve supply for it is parallel with the 
muscle fibers. 

An attempt to approach the humerus through an incision along the 
posterior border of the deltoid would endanger the vascular and nervous 
supply to the deltoid. 
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The splitting or moderate separation of the deltoid fibers on the outer 
aspect of the shoulder immediately beneath the acromion in approaching 
the great tuberosity of the humerus is a useful route. There is a serious 
objection to it, however; that is, if an extensive incision is made the mus- 
cular fibers in front of the incision may atrophy. 

The Radius.—An incision carried vertically upward from the styloid 
process of the radius will expose the brachioradialis tendon of insertion 
with the radial artery lying medially or on the inner side of it (Fig. 352). 
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Fig. 340.—By retracting posteriorly the extensor carpi radialis longus and brevis to the outer 
side of the brachioradialis an approach a bit more anteriorly than that in Fig. 339 is secured. 
The (radial) musculospiral nerve is seen between the brachioradialis and the extensor carpi 
radialis brevis tendon next to the humeral shaft. The lower end of the humeral shaft anteriorly 
may be cleared and reached with comparative ease (Fig. 341). 


The insertion of the tendon of the brachioradialis may be peeled from 
the bone if necessary. The pronator quadratus will be seen on the ante- 
rior surface of the radius, lying beneath the brachioradialis tendon. By 
retraction of the tendons of the extensor carpi radialis brevis and longus 
dorsally and the tendons of the abductor pollicis longus and extensor 
pollicis brevis, even a moderate amount, the whole lower end of the radius 


may be so exposed as to render easy any operative procedure for old Colles’ 
fracture (Fig. 356). 
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Fig. 341.—By separating the extensor carpi radialis longus and brevis attachments from 
the humerus it is possible to gain further access to the lower end of this part of the humerus. 
This procedure is not often necessary. 
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Fig. 342.—Drawing to illustrate the prone position and slightly posterior, rather than lateral, 
approaches to the bones of the forearm. Consult Fig. 348. A desirable operative position. 
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Olecranon 


Brachioradialis 
Extensor carpi radialis 
External condyle 
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Fig. 343.—Extensor muscles of the back of the elbow (after Davis-Piotti). Note fascial attach- 
ments of the triceps. 





__, Fig. 344.—Diagrammatic drawing to illustrate that through the ordinary bilateral condylar 
incisions at the elbow an instrument may be safely passed to clear the humerus completely 
across it anterior portion. ; 
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The upper end of the radius may be reached safely through a long ver- 
tical incision from the external condyle downward, separating the pine: 
of the extensor communis digitorum and extensor carpi radialis brevis 
Retract the communis medially a slight distance. Retract the extensor 
brevis laterally (Fig. 339). The interval between these muscles can be 
found easily at the middle of the forearm. It is difficult to find high up 
This separation exposes the supinator with the radius beneath as well a 
both above and below the attachment of the supinator. 
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Fig. 345.—The posterior approach to the region of the elbow by a longitudinal median incision. 
Note the olecranon and the posterior surface of the lower end of the humerus. 


The Middle of the Radius—By an incision which retracts posteriorly 
the extensor carpi radialis longus and brevis, and which retracts the 
brachioradialis forward the portion of the shaft of the radius which lies 
between the insertion of the supinator brevis and the origin of the abduc- 
tor pollicis longus is exposed (Fig. 346). And this exposure may be con- 
tinued down to include the lower third of the radial shaft. The insertion 
of the pronator radii teres will be seen at the middle of the shaft of the bone. 

Head and Neck of the Radius—tThe brachioradialis muscle, together 
with the aponeurosis of the extensor communis digitorum and the extensor 
carpi radialis longus, covers the head and neck of the radius. By splitting 
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the attachment of the extensor communis digitorum the head of the radius 
is exposed, lying under the annular ligament. The posterior interosseous 
nerve, winding to the back of the forearm around the outer side of the 
radius, passes obliquely between the fibers of the supinator brevis 
(Fig. 349). 

The radial nerve (musculospiral) gives branches to the brachioradialis 
and to the extensor carpi radialis longus near their origins, as it lies between 
them and the brachialis muscle in front of the lower end of the humerus. 

In the hollow of the elbow, in front of the lateral epicondyle, it divides 
into the cutaneous (radial nerve) superficial ramus and the muscular (pos- 
terior interosseous nerve) deep ramus. 
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Fig. 346.—Note approach to the shaft of the radius by retraction posteriorly of the extensor carpi 
radialis longus and brevis. Note the supinator brevis and the pronator radii teres. 


The deep ramus passes distally and posteriorly. It gives off imme- 
diately branches to the extensor carpi radialis brevis and to the supinator. 

It then penetrates the substance of the supinator on its lateral aspect, 
just below the level of the head of the radius and lies embedded in the mus- 
cular fibers almost as far as its lower border, where it emerges under cover 
of the extensor digitorum communis to which it gives branches at once. 

Retraction of the extensor digitorum communis is resisted opposite the 
lower border of the supinator, because both the nerves and arteries enter 
the muscle at this point. This is the danger zone. 

The part of the nerve lying within the supinator passes obliquely along. 
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It lies 2 cm. below the joint line on the lateral aspect of the radius and 
about 5 cm. below the joint line on its posterior aspect. 

: In actual operative work on the area of bone covered by the supinator 
it is wise (Thompson) to peel the muscle from the bone and retract it. 
Traction should be made gently when retracting this muscle. 

The ulna is subcutaneous on its posterior lateral border throughout its 
entire length. It is, therefore, readily accessible (Figs. 347, 348). The 
subcutaneous border of the ulna lies between the flexor carpi ulnaris and 
the extensor carpi ulnaris (Fig. 347). The approaches to fractures of both 
the radius and ulna should ordinarily be posteriorly rather than anteriorly. 
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Fig. 347.—Note the approach to the ulnar shaft between the flexor and extensor carpi ulnaris 
muscles. 


The Olecranon Process of the Ulna—In operations on fracture of the 
olecranon great care must be taken not to injure the ulnar nerve. The 
nerve passes distally between the two heads of the flexor carpi ulnaris and 
lies on the inner aspect of the base of the olecranon. It is ordinarily wise 
to expose carefully the nerve so that it may be seen and adequately cared 
for while operative procedures in its immediate vicinity are in progress, 
particularly if the operation is extensive. 

Anatomical Facts—By consulting the points of origin and attachment 
of the muscles to the radius and ulna much valuable information as to 
appropriate and safe approaches to the bone will be obtained (Fig. 329). 


22 
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Fig. 348.—Posterior surface of the forearm, wrist, and hand. This is often a desirable prone 
position in operations on the forearm. (After Davis.) 





Fig. 349.—The fibers of the brachioradialis and extensor carpi radialis longior are retracted 
laterally, illustrating the approach to the radiohumeral articulation in the operation of removal 
of the fractured head or neck of the radius. Note through the fibers of the supinator brevis 
muscle the posterior interosseous nerve lying like a white line in the upper right side of the 
drawing. ‘This nerve is to be carefully avoided when operating. 
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The proximal two thirds of the radius on its 
placed beneath muscle bellies. 
muscular planes is evident. 


The radial (musculospiral) nerve pierces the lateral intermuscular sep- 
tum at the junction of the proximal and middle thirds of a line extending 
from the insertion of the deltoid to the lateral epicondyle, where the nerve 
divides into its deep and superficial branches. 

Complete Exposure of the Radius by an Anterolateral Incision’—The 
elbow is extended, the hand is supmated. The incision, extending from a 
little above the bend of the elbow to the tip of the radial styloid process, 


anterior part is rather deeply 
The necessity for accurate knowledge of 
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Fig. 350.—Fracture of both bones of the Fig. 351.—Ilustrating incision on the ul- 
forearm. Illustrating incision on radial side of | nar side of the forearm in case of fracture of 
forearm. Same as Fig. 351. The prone posi- both bones of the forearm with forearm held at 
tion of the patient is a convenient position for a right angle with arm or with patient prone on 
operating, as the incision is placed dorsally. operating table. 


exposes the outer edge of the biceps belly and its tendon of insertion. A 
recurrent vascular loop is tied and divided between ligatures. The three 
long muscles are retracted outward, returning to the biceps tendon at its 
outer side, the knife is entered close to the tendon’s outer side and the cut 
is carried down directly to the radial tuberosity. The supimator brevis 
attachment is elevated, and the muscle is turned outward, carrying with it 
the posterior interosseous nerve. The radius by being pronated is exposed 
from one end to the other. 

Obviously, any portion of this incision may be employed to expose cer- 
tain parts of the radial shaft according to the exigencies of the case in hand. 


1 Arnold K. Henry, Dublin, British Journal of Surgery, January, 1926. 
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The course of the radial (musculospiral) nerve is along a line obliquely 
drawn distally and forward from this point of perforation of the septum 
to the point of the lateral epicondyle. 
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Fig. 352.—Exposure of radial shaft by anterolateral incision. (After Henry, Dublin, British 
Journal of Surgery, January, 1926.) 


Where the nerve lies in the radial groove on the humerus may be de- 
termined by drawing a line from the same perforating septum point ob- 
liquely proximally across the prominence of the lateral head of the triceps 
to the junction of the posterior fold of the axilla with the arm. 
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Operations on the Carpus. 
cision over the bone involved 


meee dorsal approach by longitudinal in- 
is the one of choice (Fig. 357). Operations 





Fig. 353.—Exposure of radial shaft. Sec- Fig. 354.—Exposure of radial shaft. 
ond step. (After Henry, Dublin, British Jour- Division of supinator brevis at its attachment 
nal of Surgery, January, 1926.) to the radius: R, Radius; U, ulna. (After 


Henry, Dublin, British Journal of Surgery, 
January, 1926.) 


on the scaphoid bone are easily reached by this approach. A palmar ap- 
proach by median incision avoiding all tendons and nerves affords ample 
access to the semilunar bone or the scaphoid bone (Fig. 358) . 
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The Femur.—Smith-Petersen Supra-articular Subperiosteal Approach 
to the Hip Joint (Fig. 355) —The individual steps of the operation are as 
follows: 

1. Anterior incision. Incision from the anterosuperior spine along the 
anterior border of the tensor fasciae femoris, to below the level of the tro- 
chanter. This incision follows an intermuscular plane between the sar- 
torius anteriorly, and the tensor fasciae femoris posteriorly; the only struc- 
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Fig. 355.—Smith-Petersen approach to the hip joint. Note outer side of ilium with reflected 
muscle. Capsule opened, head extruded. 


ture divided is the fascia femoris, and this is split along the course of its 
fibers. 

2. Curved incision. Incision from the anterosuperior spine along the 
crest of the ilium. 

3. Subperiosteal dissection: The flap outlined by these two incisions is 
freed from the ilium by subperiosteal dissection; the extent to which the 
flap is reflected posteriorly depends upon the demands of the individual 
operation. By reflecting the origin of the tensor fasciae femoris with the 
flap, the superior gluteal nerve and artery are preserved. 
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4. Incision of capsule: The chief point to keep in mind is the preserva- 
tion of the Y ligament of Bigelow. The incision is, therefore, made in the 
superior portion of the capsule, just above the border of this structure. 
The capsule is freed posteriorly along the cotyloid ligament so as to give 
the desired exposure (Fig. 355). 

The femoral shaft is ordinarily approached from the outer side by a 
long external incision. This involves splitting and cutting fibers of the 
vastus externus and crureus (Fig. 369). This approach is safe from large 
vessels, but the small vessels are quite numerous and several will have to 
be ligated. The method planned by Henry and used successfully is the 
one now described. It is an almost bloodless method. 
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Fig. 356.—Note the anatomy of this radial side of the lower forearm and wrist. By mod- 
erate retraction the styloid process and outer side of the lower end of the radius is beautifully 
accessible. 


Operation: Approach to the Shaft of the Femur—The skin and deep 
fascia are divided along a line from the anterosuperior iliac spine to the 
outer angle of the patella (Fig. 360). The interval between the rectus 
femoris and vastus externus is found about a handbreadth below the great 
trochanter. The muscles are separated, one or two vessels are divided in 
this maneuver. In the lower third of the thigh the aponeurotic fibers of 
the vastus join the rectus tendon and the knife must be used to separate 
them. When these muscles are held apart the silvery surface of the crureus 
(vastus intermedius) is exposed (Fig. 361). The oblique descending 
branches of the external circumflex vessels and the nerve to the vastus 
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Fig. 357.—Note posterior longitudinal incision at middle of radius over the wrist joint and 


navicular (scaphoid) bone. All extensor tendons and their sheaths have been carefully retracted. 
Note the dorsal ligaments of the carpus exposed. 
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Fig. 358.—Note anterior longitudinal incision at the middle of the wrist exposing deeply, 
after retraction of the tendons and nerves, the anterior carpal ligaments, and the region of the 
os lunatum (semilunar bone). On the radial side of the anterior surface of the wrist directly in 
line with the tendon of the flexor carpi radialis is the prominent tubercle of the navicular or 
scaphoid bone. 
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Fig. 359.—Arthrotomy of the hip by an anterior incision to the outer side of the sartorius. 
The inner retractor is displacing the sartorius inward, beneath which the rectus muscle is seen. 
The outer retractor is displacing the tensor fasciae lateralis outward. At the bottom of the 
retracted wound the capsule is seen split axially over the neck of the femur. (Bickham, Operative 


Surgery, vol. ii.) 
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Fig. 360.—Note the musculature of the anterior hip, thigh, and knee regions. An easy access 
to the femur is suggested. See text. 
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externus are now seen passing across the crureus from beneath the rectus 
femoris to enter the free edge of the vastus externus into which they dis- 
appear. They are all retracted proximally upward (Fig. 362). By divid- 
ing the crureus in its upper part to the bone the shaft of the femur is ex- 
posed (Fig. 362). The suprapatellar pouch which lies as high as a hand- 
breadth above the upper patella border is avoided by stopping the incision 
in the crureus above this point. The pouch may be separated from the 
femur by periosteal elevator. It is unwise to attempt.to separate the pouch 
from the quadriceps, as it will be lacerated. The greater part of the fem- 
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Fig. 361.—The anterior and lateral approach to the shaft of the femur between the vastus 
lateralis and the rectus... Note the vastus intermedius lying on the anterior surface of the femur. 
Note the descending branch of the external circumflex artery and vein and nerve to the vastus 
lateralis (externus). (After Henry, Dublin.) 


oral shaft is exposed by this approach. The attachment of muscles to the 
linea aspera may be seen. 

Approach to the Distal Extremity of the Femur (Henry) —By 
this is meant the epicondyles and condyles (Fig. 361). The anterior, pos- 
terior, and inferior surfaces of the medial and lateral condyles are covered 
with cartilage and lie inside the capsule of the knee joint (Fig. 362). The 
anterior and posterior crucial ligaments are attached to the intercondyloid 
fossa, which is a deep space lying between the condyles posteriorly. The 
patella lies in the groove between the condyles in front. It would be im- 
possible to expose the bone from in front or behind without opening the 
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joint cavity. The lateral aspect of each condyle is subcutaneous and on 
each there is a projection called the epicondyle. The medial epicondyle 
projects very prominently. It is capped by the adductor tubercle and to 
it are attached the fibers of the tibial lateral ligament of the knee joint. 
It corresponds to the epiphyseal line. The lateral epicondyle is not so 
prominent. Just distal to its most prominent part the popliteus tendon 
lies in its bony groove; while just posterior to it is attached the fibular 
lateral ligament. The synovial membrane is attached to the femur all 
around the line of junction of bone and cartilage. The actual joint cavity, 
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Fig. 362.—The anterior and lateral approach to the shaft of the femur. Note that the neuro- 
vascular bundle is retracted upward and that the vastus intermedius (crureus) is split along its 
center anteriorly, giving access to the femoral shaft. The suprapatellar pouch is to be avoided 
by stopping the incision a handbreadth proximal to the pointed end of the patella. (After 
Henry, Dublin.) 


however, overlaps the lateral and anterior aspects of the bone to a large 
extent and makes it necessary for us to plan an incision outside the line of 
reflexion of the synovial membrane so as to peel it from its recesses and 
to uncover the bone. The lower surface of the shaft in front is covered 
by the upper part of the synovial cavity for quite a distance above the 
level of the upper border of the patella, but the synovial membrane can 
be peeled from this surface as low down as the cartilaginous margin with- 
out opening the joint cavity. Similarly on the lateral aspect of the 
condyle an area in front of each epicondyle is overlapped by the lateral 
recesses of the joint cavity. The drawings in Fig. 23 representing the lat- 
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Fig. 363.—Work the periosteal elevator into the acute angle A which the muscular attach- 
ments make with the bone. B shows how rugine tears into a muscle when used in the reverse 
direction against the obtuse angle. (A. K. Henry, Dublin, British Journal of Surgery, xii, 1924.) 





Fig. 364.—Cross section of the right arm at the axillary level: A, Axillary artery and vein; 
B, ulnar nerve; C, musculospiral nerve; D, median nerve; E, internal cutaneous nerve; F, mus- 
culocutaneous nerve; G, coracobrachialis muscle; H, biceps; I, pectoralis major muscle and 
biceps tendon; J, deltoid; K, triceps; L, latissimus dorsi. (The cross section modified from 
Esmarch.) (From Bickham, Operative Surgery, vol. ii.) 
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Fig. 365.—Cross section of the middle of the right arm: A, Brachial artery and veins and 
inferior profunda artery and median and ulnar nerves; B, musculospiral nerve and superior pro- 
funda artery; C, nutrient vessels; D, biceps muscle; E, triceps; F, brachialis anticus muscle. 
(Cross section modified from Braune.) (From Bickham, Operative Surgery, vol. ii.) 
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Fig. 366.—Cross section of right arm just below the elbow joint: A, Brachial artery dividing 
into radial and ulnar, with venae comites; B, median basilic vein; C, radial recurrent artery 
and radial and interosseous nerves; D, ulnar nerve and posterior ulnar recurrent artery; E, median 
nerve and anterior ulnar recurrent artery; I’, biceps tendon; G, supinator longus muscle; H, exten- 
sor carpi radialis longior; I, extensor carpi radialis brevior; J, extensor carpi ulnaris; K, anconeus; 
L, pronator radii teres; M, flexor sublimis digitorum; N, flexor carpi ulnaris (a fascial line is seen 
between its two parts). The brachialis anticus muscle lies just below the brachial artery. The 
flexor carpi radialis lies just to the right of the pronator radii teres. (The cross section modified 
from Braune.) (From Bickham, Operative Surgery, vol. ii.) 
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Fig. 367.—Cross section of the upper third of the right forearm: A, Radial artery and 
branches, veins, and nerve; B, ulnar and interosseous arteries, veins, and median nerve; C, ulnar 
nerve; D, pronator radii teres muscle; E, flexor carpi radialis; F, subcutaneous vein and nerve; 
G, flexor profundus digitorum; H, flexor carpi ulnaris; I, anconeus; J, supinator longus; K, 
extensor carpi radialis longior; L, supinator brevis; M, extensor carpi radialis brevior; N, extensor 
communis digitorum; O, extensor carpi ulnaris. (Cross section modified from Braune.) (From 
Bickham, Operative Surgery, vol. ii.) 








Fig. 368.—Cross section of the left thigh, through the head of the femur (the skin relations 
of this section erroneously represent a lower level): A, Iliacus; B, sartorius; C, femoral artery, 
vein, and crural nerve; D, pectineus; E, psoas; F, tensor vaginae femoris; G, gluteus minimus; 
H, gluteus medius; I, great sciatic artery, vein, and nerve; J, gluteus maximus; K, obturator 
internus; L, obturator externus; M, adductor brevis; N, adductor longus. (The cross section 
modified from Braune.) (From Bickham, Operative Surgery, vol. ii.) 
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eral and medial aspects of the condyles show by dotted lines the actual line 
of attachment of the synovial membrane and its line of reflexion. The 
line of attachment is shown by the dotted line 0; that of reflexion by the 
dotted line a. The line ¢ represents the fusion of a and b (Thompson). 
The area proximal to and behind the dotted line, showing the line of 
reflexion of the synovial membrane, is absolutely safe for surgical approach. 
It will be seen that both lateral and medial epicondyles (shown by a cross) 
are outside this area, and that there is a considerable area of bone above 














Fig. 369.—Cross section through the middle of the left thigh: A, Rectus muscle; B, vastus 
internus; C, sartorius; D, superficial femoral artery, vein, and saphenous nerve; E, adductor 
longus; F, adductor magnus; G, gracilis; H, semimembranosus; I, vastus externus; J, descending 
branch of external circumflex; K, terminal branch of profunda femoris; L, crureus; M, great 
sciatic nerve and arteria comes nervi ischiadici; N, biceps; O, semitendinosus. (The cross section 
modified from Braune.) (From Bickham, Operative Surgery, vol, ii.) 


and behind these prominences, directly accessible. A vertical incision ex- 
tending proximally from the epicondyles could be carried down to bone 
without risk of opening the knee joint. On the medial side, it would cut 
through the aponeurotic expansion passing from the vastus medialis to the 
side of the patella and at a higher level the vastus medialis muscle itself. 
On the lateral aspect it would split the iliotibial band of fascia lata (tractus 
iliotibialis) and also at a much higher level sever the fibers of the vastus 
lateralis. By peeling the deeper structures from the bone backward and 
forward a large area could be exposed for operative procedures. In front 
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Fig. 370.—Cross section through the upper third of the right leg: A, Tibialis anticus; B, 
extensor longus digitorum; C, anterior tibial vessels and nerve; D, musculocutaneous nerve; E, 
peroneus longus; F, F, F, F, gastrocnemius; H, posterior tibial vessels and nerve; I, soleus; J, 


internal saphenous vein and nerve; K, popliteus. (The cross section modified from Braune.) 
(From Bickham, Operative Surgery, vol. ii.) 

















Fig. 371.—Cross section of the middle of the right leg: A, Tibialis anticus; B, extensor longus 
digitorum; C, extensor pollicis; D, anterior tibial artery, vein, and nerve; E, peronei; F, tibialis 
posticus; G, long saphenous vein and nerve; H, flexor longus digitorum; I, posterior tibial artery, 
veins, and nerve; J, soleus; K, gastrocnemius; L, peroneal artery and veins. (The cross section 
modified from Braune.) (From Bickham, Operative Surgery, vol. ii.) 
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the reflexion of synovial membrane would be brushed away and there 
would be no danger of opening the articulation. In fractures through the 
condyles and T fractures, nails or screws can be inserted in this area 
(Thompson) . 

Separation of the Muscles from the Linea Aspera.—The ease of separat- 
ing the muscles from the linea aspera will depend on whether the perios- 
teum elevator is worked into the acute angle of the muscle attachments 
or not (Fig. 363). The adductors extend down to the femur, while the 
vasti and short head of the biceps extend from the femur. These various 
attachments are cleanly separated by proceeding with the method indicated 
in legend of Fig. 363. 

The Tibia and Fibula.—These bones, being fixed (unlike the radius and 
ulna) and essentially subcutaneous, are easy of access at any part of their 
extent. In the upper fourth of the tibia the tendons of the sartorius, 
gracilis and semitendinosus overlap the bone. The line of approach to the 
tibia is along the line of its subcutaneous surface from the medial tuberosity 
proximally to the tip of the medial malleolus distally. The approach to 
the fibula in its lower fourth is along the line of its subcutaneous surface. 
The proximal four fifths of the fibula is covered by muscles. Separation 
of the peronei from the calf muscles is the safest approach to the fibula in 
its upper four fifths. 

At the upper end of the shaft about 1 inch below the fibula head lies the 
deep peroneal nerve, winding around the outer surface of the shaft in the 
substance of the peroneus longus muscle. 

In the upper third of the shaft the dissection passes between the pero- 
neus longus and the soleus. In the middle third of the shaft the dissection 
passes between the peroneus longus and the flexor hallucis longus. 
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CHAPTER XXI 


FRACTURES OF THE FACIAL BONES INCLUDING NASAL, 
MALAR AND MANDIBULAR BONES 


V. H. Kazanstan, D. M. D., M. D., ann Kurt H. Tooma, D. M. D. 


Insurtes of the face generally involve fracture of one or more of the 
facial bones. The malar, nasal, and maxillary bones are closely related as 
to position and attachment; they form the framework for the upper part 
of the face. The mandible is an isolated bone forming the framework for 
the lower part of the face; it is suspended and held in position by muscles 
and ligaments. 

Our plan is to consider fractures of each of these four bones separately, 
and then discuss the special technic of treatment for combinations or mul- 
tiple fractures. Certain anatomical and physiological factors govern the 
treatment of all these cases, however, and since these points are funda- 
mental, we will enumerate them here. 

1. The facial bones form the framework and support of the soft tissues 
of the face. Slight displacement of any one of these bones will change the 
facial contour, and such changes are extremely noticeable in cases of mul- 
tiple fractures unless adequately treated. 

2. Efficient mastication of food is dependent upon harmonious contact 
or normal occlusion of the teeth, as well as upon unrestricted movement 
of the mandible. Fractures of the maxilla and mandible most always dis- 
turb the occlusion, inhibit mandibular movement, and interfere with proper 
masticatory function. 

3. The paranasal sinuses and nasal spaces are closely related to the 
nasal, malar and maxillary bones. Hence injuries to these bones produce 
varying degrees of disturbances in nasal breathing, and predispose to in- 
fections of the various sinuses. Often the lacrimal apparatus is involved. 

4. Most of the orbital cavity is formed by the malar and maxillary 
bones, especially the floor and outer surface, hence injuries to these bones 
may alter the position of the eyeball. This results in visual disturbances. 

5. The bones of the upper part of the face are closely connected with 
the bones of the skull, and deep infection may lead to cranial complica- 
tions. In serious fractures of the maxilla, fracture of the base of the skull 
must always be suspected and ruled out by careful examination. 

Fractures of a single facial bone occur from milder accidents although 
multiple fractures involving all the bones of the face are quite frequent. 
Most of these fractures are associated with cuts and lacerations of the 
surrounding soft tissues, and since the face is an exposed part of the body, 
these accompanying wounds are of more than ordinary significance. Hence 
care of the soft tissues is an important part of the treatment of these cases 
and should be considered. 
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FRACTURES OF THE MANDIBLE 


Surgical Anatomy.—The mandible is a freely movable bone articulated 
by means of the temporomandibular joints. It is connected with other 
bones of the face and cranium by means of a series of ligaments and 
muscles. Although a strong bone with very thick cortex and containing 
but little spongiosa, two factors contribute to its frequent fracture. First, 
the fact that it is very much exposed to trauma, and second, its shape re- 
sembling a horseshoe, and its construction being more or less flat and 
easily broken from a lateral blow. 

In studying the surgical anatomy of the mandible the following im- 
portant points should be kept in mind: 

I. The Arrangement of the Teeth in Their Relation to the Fracture 
and Its Treatment—(a) The occlusal relation of the lower with the upper 





Fig. 372.—Fracture of the mandible in the region of the mental foramen. Note obliquity 
of the fracture line. Note muscles contributing to the displacement of the fragments. (After 


Davis and Piotti.) 


teeth acts as a guide for the reduction of fractures. (b) The teeth form 
an ideal anchorage for splints which allows much better stabilization than 
the method of open reduction of fractures of the long bones. (c) If any 
of the teeth are damaged and decayed or cut off from their normal blood 
supply, as is often the case with teeth in the line of fracture, these should 
be removed because they act as an irritant and help to spread infection 
and cause complications. 

Il. The Position of the Temporomandibular Joint in Relation to the 
Functioning of the Entire Masticatory Apparatus, and Its Relation to Ad- 
jacent Parts, the Ear, the Mastoid Portion of the Temporal Bone, and the 
Parotid Gland—The neck of the condyle is the weakest part of the man- 
dible, but fortunately it is not fractured so often as the other parts. Care- 
- ful examination, however, is indicated because frequently fractures at the 
neck of the condyle are overlooked. Fractures of the glenoid fossa, tym- 
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panic plate or tearing of the joint disk may cause partial or complete 
ankylosis of the jaw, and should always be watched for. 

Ill. The Mobility of the Bone—The mandible is held in position only 
by muscles and ligaments; there are therefore special difficulties and prob- 
lems of immobilization which are entirely at variance with a fracture of 
the maxilla. 

IV. The Effect of the Muscles of Mastication—The muscle strain 
plays an important part in fractures of the mandible. When the bone is 
intact the balance of the muscles is perfect, but when it is fractured, this 
balance is upset and the muscles which are not opposed will produce dis- 
placement (Fig. 372). 

The elevators of the mandible are the masseter, temporal and internal 
pterygoid—they close the jaw. In case of fracture the first two will rotate 
the fragment inward and at the same time pull it up. 

The external pterygoid pulls the jaw forward when the motion is bi- 
lateral and when it is unilateral produces the lateral motion, such as in 
mastication, the left muscle moving the jaw to the right and vice versa. 





Fig. 373.—Muscle pull: ,C,, Muscle pull by external pterygoid; F, displacement caused by tem- 
poral and masseter muscles. 


In a fracture the muscle on the opposite side will cause a displacement of 
the larger part, containing the incisor region, toward the injured side 
(Fig. 373). 

In a fracture of the neck of the condyle the external pterygoid may or 
may not rotate the neck of the condyle forward. If the fracture line runs 
above, it will in all probability remain in its normal place. If the fracture 
line runs so that the muscle attachment remains connected with the frag- 
ment of the condyle, the neck of the condyle will be drawn forward and 
upward (Figs. 374, 375). The fragment made up of the larger part of the 
ramus will be pulled upward by the masseter and internal pterygoid as seen 
in the roentgen picture (Fig. 414). 

In a fracture of the coronoid process the action of the temporal muscle 
will cause the displacement of the small fragment. 

“ The depressor muscles of the jaw are the mylohyoid, the digastric, the 
genioglossus and the geniohyoid; their attachments to the mandible are 
shown in Figs. 374 and 375. The mylohyoid muscle forms the floor of the 
mouth (Fig. 376). It runs from the mylohyoid line to the median raphé 
and aids in deglutition. In case of fracture it draws the smaller fragment 
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inward (Fig. 377). In case of multiple fractures this muscle has an im- 
portant influence on the lateral isolated fragments (Fig. 378). 
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Fig. 374.—External surface of mandible show- Fig. 375.—Internal surface of mandible 
ing muscle attachments. showing attachments. Arrow shows direction 
of force applied by external pterygoid, arrow 

B, by temporal muscle. 


The genioglossus and the geniohyoid muscles are attached to the men- 
tal spine situated in the median line at the inner surface of the mandible. 
They pull in a downward and backward direction. In case of a double 
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Fig. 376.—Note the plane of the fracture lies obliquely from inside outward and forward. Note 
that there is no muscular displacement under these conditions. (After Davis and Piotti.) 


fracture this will produce a downward or backward displacement of the 
fragment, or both, depending, of course, on the direction of the fracture 
surface (Figs. 379, 380). In case of a single fracture a downward dis- 
placement will occur of the fragment to which the muscles are attached. 
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The digastric muscle is attached to the mandible in the digastric fossa, 
that is, a little to the side of the median line (Fig. 375). The direction of 
its force is the same as for the two muscles just described except that the 
place where it is attached is slightly lateral. 





Fig. 377.—Oblique fracture of inferior maxilla. Plane of fracture from without forward and 
inward. Note the deformity due to the action of the internal pterygoid and mylohyoid muscles. 
(After Davis and Piotti.) 


Under normal conditions the pull of the depressor muscles is neutral- 
ized by the elevator muscles, but when this control is interfered with, 
as it is in case of any fracture of the mandible, the muscles of the various 
groups will act separately and form new and different components, pro- 
ducing a definite displacement unless hindered by the position of the frac- 
ture surface of the opposing fragment. 





Fig. 378.—Action of the depressor muscles. In multiple fractures the mylohyoid muscle draws 
the isolated fragment inward. 


The act of swallowing, coughing, talking, or unguarded movements of 
the head will, on account of the relation of the depressor muscles to the 
hyoid bone, cause derangement of the fragment often associated with pain. 

Etiology.—Pathological Fractures—Several general diseases predispose 
to fracture. These are osteogenesis imperfecta, marble bone disease, and 
rickets. 
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Local predisposing conditions are very common in the jaws. The fol- 
lowing are important: Follicular and dentigerous cysts (Fig. 383), radic- 
ular cysts formed from an abscess at the root of a tooth containing epithe- 
lium, often growing to tremendous size at the expense of the bone, and 
impacted unerupted teeth. 

In osteomyelitis spontaneous fracture of the mandible often occurs, es- 
pecially in osteomyelitis of syphilitic origin. Carcinoma will infiltrate and 
destroy the bone to such an extent that the slightest amount of pressure 
_ will fracture it (Fig. 384). 

Traumatic Fractures—Fractures due to accidents are very frequent. 
These may be due to automobile or bicycle collisions; blows from various 
causes such as fist fights; kicks from horses or mules; athletic activities, 
hockey, polo, coasting; gunshot wounds, rarely occurring in civil life but 
frequently seen in war; operative accidents from the removal of difficult 
impacted teeth, especially mandibular third molars; industrial accidents 
such as entombing, mining explosions, etc. 

Nature of Fracture——The various means of violence usually have their 
characteristic type of fracture. Automobile and industrial accidents are 
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Fig. 379.—Backward displacement of iso- Fig. 380.—Downward displacement of iso- 
lated fragment due to genioglossus and genio- lated fragment due to genioglossus and genio- 
hyoid muscles. hyoid muscles. 


likely to cause comminuted and multiple fractures involving also lacera- 
tions of the soft tissues of the face; while minor means of violence such 
as occur in fist fights, falls, football, baseball, etc., cause simple or com- 
pound fractures without or with little soft tissue injury. 

Examination and Diagnosis.—History—tThe history in all cases of in- 
jury will give important information. The nature of the accident, the 
direction and the manner in which the force was applied—all should be 
investigated. In pathological fractures the patient may remember hear- 
ing a snapping sound or the feeling of a sudden sharp pain. 

Symptoms.—Diagnostic symptoms are generally present and should be 
studied. These are: 

1. Disturbance of proper functioning of the jaws, that is, mability to 
masticate food. This is due to pain at the site of the fracture and to the 
loss of normal occlusion of the teeth. Both conditions are present in most 
fractures of the mandible. 

2. Localized pain, swelling and tenderness at the fractured area. 

3. Disturbance of occlusion combined with abnormal mobility of the 
parts. These may easily be detected. In fact, one may often suspect the 
site of the fracture from the nature of the displacement of the fragments. 
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4. Laceration and hemorrhage of the lip or cheek or the mucous mem- 
branes of the mouth is often present. 





Fig. 381.—Roentgen picture of a fracture of the mandible in the anterior part between cuspid 
and central incisor. (Intra-oral film.) 





Fig. 382.—Roentgen-ray picture of a fracture of the mandible. The mesial root of the third 
molar extends between the fractured fragments. 





Fig. 383.—Dentigerous cyst and cystic odontoma side by side. Note how the bone of the 
mandible has been weakened and could easily be fractured. 


Roentgen Examination.—It may be necessary to take intra- and extra- 
oral pictures, and exposures from different angles (Fig. 38). In more com- 
plicated and obscure cases stereoscopic roentgen pictures are of great 
assistance. 
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The roentgen picture will show the amount of displacement, the loss 
of bone substance, and foreign bodies. In multiple fractures it often dis- 
closes small fragments which would otherwise have escaped notice—these 
may be near their normal location or may have been carried away a con- 
siderable distance. Infections connected with teeth situated near the frac- 
ture, and teeth which are extending into the line of fracture or which have 
been displaced will also be detected (Fig. 382). 

In pathological fractures the nature and extent of the disease is at once 
recognized. We may find a large cyst (Fig. 383), extensive osteitis or 
osteomyelitis, or we may find bone destruction caused by a malignant 
tumor (Fig. 384). 

Prognosis.—Age has an influence on the process of healing. Local con- 
ditions play an important part—infection will retard, and an interposed 
tooth, foreign body, or sequestrum will often entirely prevent osseous union. 
Cases in which proper treatment has been delayed will prolong the process 
of repair. 

Simple fractures of the mandible under favorable conditions will unite 
in an average of four to six weeks. Compound, comminuted, and compli- 





Fig. 384.—Carcinoma of the mandible. Notice loss of bone and spontaneous fracture, clearly 
visible at the inferior border. Part of the hyoid bone just in front of it. 


cated fractures will take considerably more time. In the presence of 
syphilis, avitaminosis, rickets, nephritis, and the so-called “cachexias”’ heal- 
ing is often delayed. If suppuration is present, corrective and retentive 
appliances cannot be safely removed for at least three weeks after the 
purulent discharge has completely stopped or the sinus has healed. 

As to the result from an esthetic point of view and from efficiency of 
mastication much depends upon the location of the fracture and the facil- 
ities which the case presents for efficient fixation. In general the best re- 
sults are obtained in the cases where there are teeth on either side of the 
fracture. In cases of fracture posterior to the last existing tooth perfect re- 
sults are not so easily obtained. 

A certain amount of stiffness and lessened function is always present 
when the appliance is first removed, but ordinarily this will disappear en- 
tirely, normal conditions being restored in from two to twelve weeks. 

Care of Lacerations of the Face.—Injuries of the soft tissues of the face 
may be trivial, consisting of bruises and cuts, or they may be of more seri- 
ous nature, with deep lacerations. In order to treat these injuries intelli- 
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gently, and combat possible infections, it is necessary to have in mind the 
general behavior of wounds andthe reaction of tissues to invading micro- 
organisms. Alexis Carrel,! years ago, made an extensive bacteriological 
study of various types of war wounds, and recorded certain interesting 
observations, which are quite applicable to present civilian injuries. His 
studies indicate that during the first few hours after infection of the wound, 
smears taken showed no micro-organisms, while cultures were positive. 
After five or six hours, micro-organisms began to appear in the smear. 
They were localized more in the areas close to foreign. bodies. At the end 
of twelve hours, organisms appeared more constantly and in greater abun- 
dance; while after twenty-four hours, the entire surface of the wound was 
covered with micro-organisms. A close examination of a great number of 
wounds has shown that micro-organisms remain as a rule on the surface 
of the wound. They first invade blood clots and the tissues cut off from 
the circulation. 

Face wounds are all potentially infected. The bacterial invasion is 
rapid even in the absence of foreign bodies. Bacteria may gain entrance 
through the broken skin, or through the nasal and oral cavities, if there is 
any communication. Such wounds are usually lacerated, uneven and 
jagged, and it is reasonable to believe that some particles of tissue are 
bruised and deprived of their normal blood supply, and thus become culture 
media for bacteria. Moreover, the collection of clotted blood and presence 
of foreign bodies, usually found in the depths of such wounds, also predis- 
pose to infection. 

Owing to the great number of hospitals, injured patients are usually 
given immediate first-aid treatment and thus possibility of infection is 
minimized. The important fundamentals of first-aid treatment are: (1) 
a thorough mechanical cleaning of the wound and careful examination of 
all the pockets of the wounds for foreign bodies; (2) the removal of all 
blood clots and adequate hemostasis before suturing; and (3) the excision 
of all loose particles before suturing. Superficial wounds may not require 
any drainage, as there may be opportunity for the accumulated fluids to 
escape through the suture lines; but all deep wounds and those communi- 
cating with the oral cavity and with fractured bones should have drains 
inserted at convenient points. Disregard of this simple rule has caused 
many complicated situations. 

If the wounds are already infected and inflamed, as they are likely to 
be if first-aid treatment is given after twenty-four hours, it is necessary to 
sterilize the wound with frequent packs and hot applications and perform 
the suturing a few days later. While all of these precautions are intended 
to prevent secondary infection of the sutured wound, they are equally im- 
portant from the standpoint of minimizing cicatrization, as even mildly 
infected wounds will result in more conspicuous scars than will nonin- 
fected ones. 

Foreign Bodies—In fracture wounds of the face it is not unusual to 
find particles of glass, pieces of dirt, small stones, parts of teeth and 
spicula of bone, and occasionally pieces of vulcanite rubber from dental 
plates. Occasionally, minute particles of dirt and powder are scattered 


1 Carrel, Alexis, and Dehelly, G.: Treatment of Infected Wounds, London, University 
of London Press, Ltd., 1918, p. 73. 
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superficially under the skin. These are easily removed by mechanical 
cleaning of the wound, but will cause ugly discoloration of the skin simulat- 
ing tattoo marks if they are allowed to remain. 

_ Some foreign bodies may be tolerated by the tissues and remain there 
indefinitely without causing any disturbance. This is not always the case, 
however, and oftentimes when they have been tolerated for some time, they 
cause enough irritation to keep the tissues swollen and indurated, which 
affects the contour of the face. This is especially true when particles of 
glass are encapsulated in the wound. 

__ When teeth or spicules of bone or other foreign bodies are scattered 
in the soft tissues of the mouth they invariably cause complications. Sur- 
gical cleaning to remove detached parts of bone, broken teeth and alveolar 
processes is then the first step before immobilization of the fracture is 
attempted, because it is the greatest safeguard against spreading infection. 
Their discovery and location are facilitated by the use of a-ray pictures. 

In spite of careful treatment, face wounds occasionally leave conspicu- 
ous scars, and patients unjustly blame the surgeon. There are certain 
factors in the healing of wounds, over which we have no control. All else 
being equal, a clean wound will leave less scar than an infected one. As 
all face wounds are potentially infected, the general physical condition and 
resistance to infection play an important part. The location and direction 
of the wound also affect scar formation. Wounds of the forehead, eyelids 
and nose leave less conspicuous scars than do those on the cheeks and 
lips. In some patients, any lacerated tissue will show a strong tendency 
toward keloid formation, and little can be done to allay this process. It 
is not surprising, therefore, that many patients need secondary operations 
for the removal of scars. 

In combined injury of the soft parts, as well as the bony structures, 
or even in deep lacerations, procedure should be modified according to the 
degree of comminution of bone and the resulting sepsis. Wounds should 
not be closed unless adequate drainage is established for the evacuation 
of septic discharge. On the whole, closed wounds are more troublesome 
and more serious than open ones, and much damage has been done by the 
hasty suturing of wounds in such cases. 

Prophylactic Treatment.—To diminish the probability of infection of 
the oral tissues during the period of healing, when it is difficult to keep 
the teeth perfectly clean, the entire oral cavity should be put into as 
hygienic condition as circumstances will allow. Broken roots and teeth 
with septic processes about them should be extracted; calcareous deposits 
on the teeth should be removed, and teeth which are situated in the line 
of fracture should be extracted. 

Methods of Fixation.—There is no universal method which is applicable 
to all cases of fractures of the maxillary bones. It is necessary in each case 
to decide on a method which one thinks is most suitable. If splints are 
to be used, these must be constructed or planned before undertaking to 
reduce the fracture. It may be said in a general way that one should 
always choose the simplest method, the one which gives opportunity to 
observe the occlusion of the teeth during the process of healing, giving 
assurance that no accidental displacement occurs. It should be sanitary 
and lend itself to a simple method of cleaning. 


364 FRACTURES OF THE FACIAL BONES 


The kind of fixation to be used must be chosen principally according 


to the amount and type of the original displacement. The displacement 


of the fragments depends on two factors—direction of the fracture line 
and muscle pull. 





Fig. 385.—Direction of fracture is vertical to long axis of mandible. 


Direction of Fracture Line —The direction of the fracture surface may 
either be vertical to the long axis of the bone (Fig. 385), oblique from 
above, either running down and back or down and forward (Figs. 386, 





Fig. 386.—Fracture plane oblique, running 
down and back. If segment A is fixed, B can down and forward. If segment A is fixed, B 
still move in direction of arrow. will be prevented from moving up. 


Fig. 387.—Fracture plane oblique, running 


387), and oblique backward from the internal to the external surface of 
the bone, or else obliquely forward from the internal to the external side 
(Figs. 388, 389). It is evident that in a case similar to the drawing (Fig. 
387) fragment B will be held in place by fragment A, while in Fig. 386, 
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there is no resistance to an inward displacement, in the direction of the 
arrow of fragment B, and in Fig. 389, an outward displacement is resisted 
by fragment A. A roentgen picture will often help to determine the direc- 
tion of the fracture (Fig. 390). 





Fig. 388.—Fracture oblique backward Fig. 389.—Fracture oblique backward 
from the internal to the external surface. If from the external toward the internal surface. 
fragment A is fixed, a displacement of B is pos- If fragment A is fixed, a displacement of B may 
sible toward the inside. occur toward the outside. 





Fig. 390.—Roentgen picture (intra-oral) disclosing an oblique fracture which on account of 
extensive overlapping remained unnoticed in an extra-oral plate. 


Muscle Pull—The immediate causes of the displacement are either 
the direct force of violence which caused the injury or the force due to 
muscle contraction. Muscle strain, therefore, is a factor of magnitude and 
must be clearly understood because the method used for fixation of the 
fragments must counteract this force (Fig. 372). In cases where the in- 
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jury of the tissues surrounding the bone has produced inflammation of the 
soft part of the face, with a muscular trismus, the muscle strain is not only 
greatly augmented, but becomes an involuntary force of more or less per- 
manent nature with a tendency to increase during the first few days. 

Classification of Fractures of the Mandible—Fractures of the mandible 
are classified in a variety of ways. The most common classification given 
by different authors is based on the anatomical location of the fracture 
line, such as fracture occurring at the neck of the condyle, in the ramus, 
in the body of the mandible, at the symphysis, etc. - - 

The classification used here is based on the location of the existing 
teeth in relation to the line of fracture. This method is used because 
dental splints receive their principal points of anchorage from the remain- 
ing teeth. It is as follows: 

1. Fracture with sound teeth on either side of line of fracture. 

2. Fracture with sound teeth on only one side of the line of fracture. 

3. Fracture where there are no serviceable teeth present. 

In the first classification where there are teeth remaining on both sides 
of the line of fracture, the teeth are utilized as anchorage for retention of 
various types of splints. The exact anatomical location of the fracture 
does not change the picture as long as even one serviceable tooth is present 
on each side. A very efficient method of immobilization is possible with- 
out joining the upper and lower teeth together. 

In the second classification where there are teeth remaining only on 
one side of the line of fracture, the existing teeth are utilized to connect 
the mandible to the maxilla. This type of fracture may occur at the neck 
of the condyle, in the ramus, at the angle or at any part of the edentulous 
body of the mandible, as far forward as there are remaining teeth. 

In the third classification are included edentulous mandibles or man- 
dible with few remaining teeth which are useless for anchorage. 

To these three main classifications one may also add a fourth one; that 
is, Injury to the teeth and alveolar processes without involving the main 
part of the mandible. 

Technic of Fixation.—In general, fractures of the mandible are im- 
mobilized, first, by utilizing existing teeth as points of retention; second, 
by utilizing the alveolar ridges by placing of splints to keep the parts in 
alignment; third, by direct fixation of portions with wire sutures. The 
following methods of fixation for mobilization are more or less intended 
for an uncomplicated type of fracture and are described especially to em- 
phasize general principles of the mobilization rather than to give detailed 
descriptions of splints which naturally vary in individual cases. 

I. Fractures Where There Are Sound Teeth on Both Sides of the Line 
of Fracture.—In this class of fracture, it is seldom necessary to connect 
the upper and lower jaws together as the existing teeth on the lower jaw 
are often sufficient to act as anchorage for a splint and to immobilize the 
parts. There are a number of simple methods which can be utilized to 
give the patient immediate comfort and relief. Some of these methods 
may be considered as an emergency measure and may be done at the bed- 
side or in the operating room, under local anesthesia. 

Horizontal Wiring —lIn simple fractures with only moderate displace- 
ment where there is continuity of a row of teeth it is comparatively easy 
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to utilize the proximal teeth for fixation by passing No. 25 brass wire, 
which is commonly used for fractures, around the necks of certain selected 
teeth. The wires are connected together across the fracture line. This 





Fig. 391.—Horizontal wiring. 


method with various modifications may be used satisfactorily as an im- 
mediate means of immobilization. Figures 391, 392, 393, 394 and 395 give 
us some idea of the methods employed. In these diagrams, the teeth in 


I, 





Fig. 392.—Horizontal wiring. 


immediate proximity to the fracture line are not used, for the good reason 
that they are often involved in the fracture and therefore may have to 
be removed to avoid future complications. 
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Wire Splint.—Soft 14-gauge brass wires, which are more or less flexible 
but when fitted around the necks of the teeth have enough strength to 
immobilize the parts, are bent accurately to come in contact with the necks 
of the teeth and are fastened to the teeth with fine wires (Fig. 396). 





Fig. 394.—Horizontal wiring. 


_ Angle Fracture Band.—Figure 397 shows a method of utilizing brass 
wire which is soldered to the end of an Angle fracture band, a series of 
these previously prepared making an excellent method of immobilizing 
the Jaw in emergency. These Angle bands come in various sizes and can 
be fitted to any molar or bicuspid tooth. 
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Fig. 395.—Horizontal wiring. 





Fig. 396.—Kssig’s application of wire splint. 


Two thicknesses of 30-gauge wire are used. Start four teeth or more away from the fracture 
and lace the wire around the necks of the teeth until you reach the second tooth from the fracture. 
Stretch the wires to the second tooth on the other side of the fracture and then lace it around two 
or more teeth again. This places the ligature straight across over the external surfaces of four 
teeth nearest the fracture and on the inside it spans across the curvature of the arch. After this 
wire has been placed and fastened secondary wires are placed as in the illustration between the 
teeth, and these are twisted so that the shortening of them will bring the inner wires to the inner 
surface of the teeth. This is done with the patient closing the teeth together so as to assure 
normal occlusion. It is easily seen how efficient this process is in drawing the broken parts 
together. If teeth are lost in the region of the fracture, a piece of vulcanite can be made from 
wax pattern to be inserted in the space. Intermaxillary ligation may be used in addition. 


Use of Rubber Bands—Delayed fractures with considerable displace- 
ment of the fragments often cannot be manipulated into normal position 
immediately but they can very well be brought to their normal position 
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Fig. 398.—Wired buttons on selected teeth. 
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by utilizing elastic force. For this purpose elastic bands are used, pulling 
in the right direction, attached to wired buttons twisted around selected 





Fig. 399. 





Fig. 400. 


teeth (Fig. 398). This process will reduce displaced fragments within 
twenty-four to forty-eight hours. Once this is accomplished more positive 
splints can be made to hold the parts in position (Fig. 399). 
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Retention Splint—One could utilize a band and wire splint which is 
nothing more than a retention appliance, consisting of some metal bands 
fitted around selected teeth and connected together with heavy metal wire. 
This retention splint is cemented over the teeth which will hold the parts 
firmly and also allow the lower jaw to function normally (Fig. 400). 

Any splint that covers the occlusal surfaces of the teeth should be dis- 
couraged as it is not possible to know whether or not correct occlusion of 
the teeth is acquired by using such a splint. However, metal and vul- 
canite splints are at times used advantageously for special cases. 


The Construction of the Metal Splint—Take impressions of both the upper and lower 
jaws in modeling compound softened in hot water. Models are made from these impres- 
sions in plaster of Paris. The model of the lower fractured jaw is cut apart in the exact 
location of the fracture and reassembled on an articulator to meet the upper teeth in normal 
occlusion. A piece of metal, gauge 32, silver aluminum, German silver or 18 karat gold may 
now be swaged over a metal die made from the model of the lower jaw. A casting can be 
made instead from a wax pattern constructed on the model. For reinforcement solder 18- 
gauge wire along the border of the splint, or reinforce the entire occlusal surfaces of the splint 
(Fig. 401). Dry the metal and the teeth (applying alcohol and air by pressure) and keep 





Fig. 401.—Aluminum splint to be placed on teeth. For closed fracture a continuous capping 
of gold or aluminum or other metal cemented upon the teeth. 


the saliva away by the use of cotton rolls or gauze; fill the splint with thinly mixed dental 
cement and press it over the teeth in its proper place. The surplus cement will come out 
through the holes in the top of the splint. Sometimes small holes are made in the side of the 
splint corresponding with interdental spaces. These serve to further fixation by means of 
wires. These are drawn through the holes on the inside of the splint, passing through the 
interdental space on each side of a tooth out through holes on the external side of the 
splint, where they are twisted together, cut off, and bent over. 


Vulcanite Rubber Splints—All that has been said about metal splints 
is applicable to vulcanite splints. They are made as follows: 


An impression is again made of the crowns of the teeth and the adjoining gum in model- 
ing composition manufactured for the use of dentists. The necessary amount of the com- 
position is dropped into hot water; when soft, the composition is put into the metal impression 
cups (Fig. 402). Then the impression cup containing the softened composition is placed 
in the mouth and the impression made. Immediately upon the removal of the mold from 
the mouth the composition cools and hardens. From this mold is made the duplicate of 
the alveolar border and the teeth in plaster of Paris (Fig. 403). The lines of fracture are 
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indicated upon the plaster cast. With a fine saw the cast is cut upon these lines and the 
lower teeth are articulated with the plaster cast of the upper jaw which has been made. 
Plaster cream is used to hold the sawed portions together. In other words, the fracture 





Fig. 402.—Modeling cups. No. 223 is used for the upper jaw and No. 25 for the lower jaw. 





Fig. 403. Fig. 404. 


Fig. 403.—Plaster cast of fracture of the jaw. 
Fig. 404.—Plaster cast of lower Jaw articulating with upper jaw 





Fig. 405.—Simple vulcanite splint, with boxes vulcanized on each side. (Moriarty.) 


has been reproduced and reduced in plaster of Paris. Both upper and lower casts are then 
put upon an articulator (Fig. 404). A vulcanite splint is made from this reconstructed 
lower jaw (Fig. 405), and when this is applied to the fractured jaw as an interdental splint 
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the deformity is corrected and comfortably prevented from recurring. Holes may be made 
into the sides of the splint to draw wires through the interdental spaces for fixation. A 
rubber splint in place is shown in Fig. 406. Indirect fixation by bandages must be used in 
addition to this splint. 


II. Fractures Where There Are Sound Teeth Only on One Side.—The 
methods of fixation outlined in the few preceding pages are especially indi- 
cated for the immobilization of fractures where there are sound teeth on 
either side of the fractured area. In this group sound teeth are only on 
one side of the line of fracture. The injured area may be the ramus, neck 
of condyle, angle of the jaw, coronoid process, or any part of the body 
of the mandible. It is apparent that this group of cases presents a much 
more varied picture, and often great difficulty is experienced in controlling 
the part of the mandible where the teeth are missing. However, for the 
sake of simplifying the principles of immobilization it is perhaps advisable 





Fig. 406.—Hard-rubber splint in position, upper teeth resting upon it. (Moriarty.) 


to discuss fractures which are not complicated first, where the osseous con- 
tact of the fractured surfaces is at a favorable angle, so that the posterior 
fragment has no possible chance to be displaced upward. This type is 
illustrated in Fig 387. The proper procedure is to connect the mandible 
with the maxilla having the teeth in their normal occlusion. For this 
method the following procedures can be followed: 

Simple interdental wiring, first advocated by Gilman with various mod- 
ifications; this is one of the most widely used methods and is an effective 
means of immobilization in this type of fracture. The most suitable wire 
is either a No. 24 brass wire or stainless steel wire of finer gauge. The 
authors prefer the following method: 

Wires are passed and twisted around necks of different teeth and upper 
and lower teeth are then fastened together. The bicuspids and molars are 
wired singly, but the incisors and cuspids should be fastened together in 
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pairs and then attached to the corresponding teeth of the opposite jaw, as 
shown in the diagram, Fig. 407. 

Oliver Method.—Wire 6 inches long, as above, 24-cauge on posterior 
teeth, 22-gauge on anterior teeth, is bent in the middle and twisted around 
an instrument to form an eyelet (Fig. 408). After selecting the teeth 
to be wired both ends of the eyelet wire are inserted from the outside 
through the interdental space. One end is drawn around the anterior 
tooth; the other is drawn around the posterior tooth; then the ends are 
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Fig. 407.—a, 6, c, d, Methods of placing and completing the wiring of the teeth contiguous to a 
fracture of the jaw. (After Kazanjian.) 


twisted together (Fig. 409). In the upper jaw the eyelets should project 
above—in the lower jaw, below—the horizontal twist, which prevents them 
from coming too close together. While twisting the wire, a towel clamp 
may be inserted into the eyelet to prevent it from disappearing into the 
interdental space. The ends are cut off and must be bent so as not to 
irritate the lip or cheek. Two or three sets of teeth are prepared in this 
manner on each side of the jaw and the opposing eyelets are finally con- 
nected by passing a third wire through them twisting it to draw the teeth 
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together (Fig. 410). On the fractured side the location of the upper and 
lower eyelets should be selected so as to draw the fragments together, that 
is, instead of having the opposing eyelets in a vertical line they should be 
arranged obliquely, the eyelet in the fractured jaw being further away 
from the fracture line than in the uninjured jaw. 

Silverman Method.—A variation of the Oliver method, but using the 
ends of the wires directly, twisting them together with the ones of the 
opposing teeth. After passing the wires around the two adjoining teeth 





Fig. 408. Fig. 409. Fig. 410. 
Figs. 408—410.—Oliver’s method of interdental ligation. 


they are passed through the loop, forming a slip-knot, giving a firm attach- 
ment to the teeth without tightening around the neck of the tooth by 
twisting (Figs. 411, 412). 

The advantage of interdental wiring is the simplicity of the method. 
It requires but few instruments (Fig. 413), and not so much expense and 
time and material as the construction of an intermaxillary splint. 

Disadvantages of interdental ligation are difficulties arising when vom- 
iting. The method, however, allows reduction of the fracture without the 





Fig. 411.—Silverman’s method of interdental Fig. 412.—Silverman’s method. 
ligation. 


use of general anesthesia in most cases. Any other causes of nausea and 
vomiting, such as sea voyages, must be avoided. 

The disadvantages of interdental wiring can be satisfactorily offset if 
wire hooks are made around selected teeth as described before (Fig. 398) 
and the upper and lower jaws connected together with elastic bands. 
However, the anterior teeth are not suitable for this purpose, as they are 
likely to become loose by the constant tension of the elastic bands. 
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Band and Wire Splints —If the dental arches do not possess a suitable 
number of teeth to use interdental wiring, it may be necessary to make 
suitable dental splints and fasten them to the existing teeth which in turn 
will allow facilities to join the upper and lower jaws together. 





Fig. 413.—Instruments used for interdental ligation. 


Metal bands can be fitted to selected teeth and connected together 
with a stout arch wire a good deal like the retention appliance used by 
orthodontists. This appliance is cemented to the teeth. 





Fig. 414.-Roentgen picture of fracture at the ramus. Interdental ligation with slight upward 
displacement of the ramus. 


Metal splints covering the existing upper and lower teeth entirely can 
be used although they have the obvious objection that with the cusps of 
the teeth being covered, one is never sure that the proper occlusal relations 
have been kept. As a result, malocclusion, which, even when slight, is ex- 
tremely uncomfortable and requires a great deal of grinding of some teeth 
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and building up of others with dental restorations in order to adjust the 
damage. 
Complicated Cases —Fractures where the control of the distal fragment 
is not obtained by interdental wiring alone arise from the unfavorable 
angle of the line of fracture which allows the posterior group of the muscles 
of mastication to displace the posterior fragment. The most frequent loca- 
tion of this type of fracture is in the neighborhood of the angle of the jaw 





Fig. 415. 


(Fig. 414) or in the body of the mandible where the line of fracture ex- 
tends obliquely forward and downward. 

Methods of Control of the Posterior Fragment.—lIf the fracture is in 
the body of the mandible similar to Fig. 415, one must prepare auxiliary 
means of retention in addition to using any of the methods outlined above 
for interdental wiring, in the form of a bite plate to fit over the lower 
alveolar ridge of the posterior fragment below, and the occlusal surfaces of 





Fig. 416.—Method to control posterior fragment. 


the teeth above. This bite plate may be made of vulcanized rubber, or 
in an emergency it may be made of dental modeling compound. In other 
cases a band and wire splint can be made to fit over selected teeth on the 
lower jaw. This splint is joined with a No. 16 wire which has a prong at 
the extended end. The prong, in turn, is fitted to the upper surface of 
the posterior fragment and is pressed against the bony ridge, where it acts 
as an effective agent for preventing the upward displacement of the frag- 
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ment (Fig. 416). The existing irritation to the soft tissues of the ridge 
is but slight even after a long stay of the splint in the mouth (Fig. 417). 

The method given above is also applicable to fractures in the vicinity 
of the angle of the mandible with slight modification of the direction of the 
prong. In this region, however, it is possible to depend on the proximal 
contact of the fracture lines, which often gives a fair result. To accom- 
plish this the upper and lower jaws are immobilized by interdental liga- 
tion by any of the methods previously described. By digital manipulation, 
the posterior fragment is pushed back into normal position until the ir- 
regular surfaces of the fracture lines fit each other and are retained in that 
position. This operation should be performed only under local anesthesia 
and used when the injury is very recent and fragments are easily manipu- 
lated (Fig. 414). 

Treatment of Delayed Union in Mandibular Fracture of Class IT — 
Fractures of the mandible which have not received immediate attention 
and immobilization often present a difficult picture. The part cannot be 





Fig. 417. 


moved so freely and adjusted so easily as in a recent injury. Moreover, 
in a fracture in the vicinity of the angle of the jaw the muscles attached 
to the ramus cause greater displacement as time goes on. Therefore, it 
is highly desirable to prevent this condition if possible, which occurs some- 
times even under careful treatment. The corrective methods outlined be- 
low are designed to hold the main fragment in its normal position, and to 
force the posterior fragment into its normal alignment, either gradually or 
by forceful operative means. 

An appliance similar to Fig. 416 with slight modification can be used 
successfully. This modification consists of making the wire extension with 
adjustable prongs, so as to force the posterior fragment gradually into 
normal place by manipulation of the metal screw around the threaded wire. 


This may also be accomplished if a metal or vulcanite splint is used to fix the anterior 
fragment by the attachment of a jackscrew to the side of the splint of the upper jaw. The 
jackscrew bears down upon the ramus in the region of the postmolar triangle preventing 
lateral displacement as well as upward motion. As soon as the upper splint is in place the 
ramus can be controlled by winding or unwinding the screw. The part which is in contact 
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with the ramus is in some cases a small saddle-vulcanite or metal splint, made after a wax 
model fashioned in the mouth, such as recommended by Blair, Eby, Herpin, and others. 
The writers prefer a jackscrew with a point as described by Blair, or a point with a side 





Fig. 418.—Intermaxillary metal splints with jackscrew for fixation of ramus. (Constructed by 
Harold J. Cutler.) 


extension to prevent lateral motion. The motion of the jackscrew in these appliances bears 
directly on the bone (Fig. 418). A small vertical incision is made under aseptic precautions 
in the postmolar fossa, exposing the external oblique line, and with a bone drill a small hole 
is made into the thick cortical bone of this region. A point made of silver or gold fits into 
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Fig. 419.—Schematic drawing of jackscrew shown in Fig. 418. 


this hole and controls its movements without the danger which always exists with the 
saddle splint that inflammation of the mucous membrane and periosteum will occur, or 
tissue necrosis caused by pressure on so large an area (Fig. 419). After the jackscrew is 
adjusted to press the ramus back the anterior fragment is brought into position and fixed 
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by intermaxillary ligation, after which the final adjustment with the screw is made. It may 
be necessary to use a roentgen picture as a guide to insure correct position of the ramus. 


Another satisfactory way of overcoming upward and inward displace- 
ment of the distal fragment of a mandibular fracture has been suggested 
by Darcissac. The angle of the jaw is exposed through a small incision 
and a hole drilled through it for the passage of a brass wire. This wire is 
allowed to emerge through the skin of the wound. A plaster head gear is 
made to hold a bar that extends below the mastoid process. The bar and 
brass wire are connected by elastic bands. This makes sufficient traction 
to correct the displacement within a short time. 

Fractures of the neck of the condyle require special attention, as they 
occur frequently. The displacement caused by this type of fracture is 
often varied and quite extensive. The following types may be found: 

The head of the condyle may be in its normal socket while the neck 
may be in a forward position with the mandible pulled upward and back- 








Fig. 420.—Roentgen picture of a fracture at the neck of the condyle. Note that the ramus has 
been displaced in an upward direction. 


ward and the upper and lower teeth in contact only at the last molar 
region (Figs. 420, 421). 

The neck of the condyle may be bent backward but still in contact 
with the fracture line of the rest of the mandible. 

The head of the condyle may be pushed out of its socket and lying 
either in the pterygoid fossa or medially toward the base of the skull. 

Efforts to bring the fractured surfaces of the condyle to its anatomical 
position have been disappointing in our hands. Indirect manipulation has 
failed to give results, even after exposing the temporomaxillary joint 
through the external normal route. The best we could do was to bring 
the displaced head of the condyle into its socket. 

In our opinion, it is not necessary to acquire perfect anatomical results 
in this type of fracture as good functional results may be obtained by 
drawing the lower jaw forward to normal occlusion of the teeth and fixing 
it in this position by interdental ligation until union has taken place. 
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III. Mandibular Fractures in Edentulous Jaws.—It is evident that 
methods of immobilization described for Class I and IL of mandibular 
fractures are not applicable in edentulous jaws, nor can these methods be 
used when the number of teeth is very small or if the teeth present are 
very loose. Therefore, the fixation of such fractures must be based on an 
entirely different plan depending upon the nature of the injury. 

The Nature of Injuries—Fractures of the mandible in edentulous pa- 
tients have certain characteristics: 

1. Patients almost invariably being old, their mandibular bone is usu- 
ally frail. 

2. The fractured ends often override each other. 

3. The fracture may be a double one, involving both sides. 

4. On the other hand, the majority of cases are simple fractures and the 
mucous membrane is rarely broken through. As a result, and in spite of 
the patient’s advanced age, the healing process is rapid and not compli- 
cated by infection or osteomyelitis. 








Fig. 421.—Fracture of the condylar process of the lower jaw. Note the displacement of the jaw 
forward. 


Methods of Fixation—In the absence of the teeth one is obliged to 
resort to either indirect fixation through the use of vulcanite splints or the 
patient’s dental plates, or direct fixation by intra-osseous wiring. 

Indirect fixation is indicated in cases where the fracture is simple and 
there is no overriding, or only a very little overriding of the fragments. The 
following types of splints may be used successfully: 

Gunning splint (Fig. 422). This is one of the oldest dental splints 
devised for fractures. It consists of two vulcanite base plates connected 
together to fit the upper and lower alveolar ridges occupying the inter- 
maxillary space. The immobilization is actually accomplished by external 
bandages. 

Description of Gunning splint. After plaster of Paris models have 
been made of the jaws, they are corrected and articulated. A splint is 
then made by modeling wax over the alveolar processes of both the upper 
and lower jaw models. 
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These two wax plates are then built up with wax to the height of the 
teeth in a normal mouth. They are removed from the model and placed 
in the patient’s mouth to get the normal relation to each other. It is best 
to fuse them together right in the mouth with a hot instrument, when the 
mandible and its joints are in a comfortable position. The articulator is 
now adjusted so as to fit the models of the upper and lower jaws in their 
respective places. One or three places are cut out; these form openings 





Fig. 422.—Interdental splint used in fracture of the jaw when no teeth exist in upper alveolar 
arch. (After Moriarty.) 


through which nourishment can be taken. Such a splint, spoken of as a 
“Gunning splint,” is shown in Fig. 422. 

One of the great disadvantages of this splint is the difficulty of con- 
struction. A simpler way is to construct two independent base plates that 
will fit each other at their occlusal surfaces (Fig. 423). 

If the patient has artificial dentures that have not been damaged or 
lost, these can be utilized. It is necessary only to modify the base of the 





Fig. 423.—An intermaxillary vulcanite splint made in sections to facilitate introduction and 
adjustment in the mouth. 


lower denture so as to meet the disturbed contour of the ridge, as it is 
impossible for the broken ends of the bone to conform themselves to the 
original contour of the denture even if they are not markedly displaced. 
Therefore, it is advisable to trim the border of the lower denture and 
reline it with black gutta-percha or dental composition. Failure to do this 
will cause a good deal of unnecessary suffering to the patient. 
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Direct fiwation of the fractures is indicated: (1) When the fragments 
override each other to a marked degree; (2) when the fracture is com- 
pound or comminuted in character. 

Direct wiring fiwation of the bone through an extra-oral operation is 
rarely indicated and the procedure should be discouraged. In addition to 
causing a visible scar on the face it often invites infection, for on account 
of the nature of the operation it is impossible to avoid penetrating into 
the oral cavity. A simple way to reduce such fractures is to make an 
exposure of the fractured ends through the mouth.- This operation con- 
sists of making an incision over the crest of the lower alveolar ridge. The 
mucoperiosteum is reflected back and the broken ends of the bone are 
exposed enough to drill holes at the end of each stump. A heavy 18-gauge 
silver wire is passed through the hole and twisted together in a manner 
to bring the proximal surfaces together. When good approximation is ob- 
tained, the twisted end of the wire is cut long enough to expose the end 





Fig. 424. 


through the mucous membrane into the mouth. The wound is sutured 
with silk, and rubber dam drainage is established intra-orally. This opera- 
tion is followed by surprisingly little inflammatory reaction, which is mainly 
due to the fact that the parts are not traumatized so much as in the case 
of an external operation. Moreover, the wires protruding through the mu- 
cous membrane afford considerable drainage (Fig. 424). 

Circumferential wiring was originally employed by G. V. Black and de- 
scribed by Ivy as follows: 


A vulcanite splint is first made like a saddle to cover the lower ridge on each side of 
the fracture. Or if the patient has a full vulcanite denture, it may serve the purpose. A 
small incision is made in the skin at the lower border of one of the fragments and a small 
curved antrum trocar and cannula are passed up through this incision close to the bone on 
the lingual side, until the mucous membrane of the mouth is pierced. The trocar is then 
removed and one end of a 16- or 18-gauge silver wire is threaded through the cannula from 
below. While the wire is held in place the cannula is withdrawn and by means of the 
inserted trocar passed downward from the mouth close to the bone, this time on the external 
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side, to emerge at the original skin opening. The other end of the wire is then passed up 


through the cannula and the cannula is withdrawn. One or more wires are then similarly 
passed around the other fragment or fragments, and after the splint is put in place the 


(Ivy.) 





Fig. 426.—Circumferential wiring in bilateral fracture. (Ivy.) (See Fig. 425.) 


ends of the wires are twisted together, so that the bone is snugly in contact with the splint 
(Figs. 425, 426) . 
COMMINUTED FRACTURES 


If the jaw is broken into numerous small pieces which may contain no 
teeth the application of the usual method of fixation will be impossible. 
The fragments, in addition, may be displaced from 1 to 3 inches from their 
normal position and the fixation of the fragments is also resisted by the 
action of the depressor muscles. 

Kazanjian Method.—A combination of maxillary splints, sutures through 
the bone, and extra-oral appliances should be used. The first step is the 
construction of a splint which holds the proximal parts (the rami) in 


position. 


If teeth are present, bands or metal crowns are constructed for them, and these are 
connected by heavy threaded arch wire (German silver 12-gauge). They are cemented into 
place so that they will keep the posterior segments firmly in occlusion. If the teeth are 
absent on one side or on both, the arch wire is attached to the side without teeth by means 
of a hole made through the anterior part of the ramus. The arch wire should follow the 
mandibular curve at about the normal crest of the bone. Wire sutures (Fig. 429) are passed 
through the anterior bony fragments and attached to the arch. They lift them into their 
natural position and contact. Horizontal fragments at the lower border of the jaw are in 
the same manner fixed into their place (Figs. 427, 428). A removable vulcanite splint has to 
be used in most cases in connection with these appliances to preserve the contour of the jaw 
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parts. 





Fig. 428.—Apparatus constructed for comminuted fracture when no teeth are present in the 
mandible. 





Fig. 429.—Roentgen picture of comminuted fracture showing splint and bone sutures. 
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Method of Fixation of Fractures Complicated by Loss of Bone.—Loss 
of bone is of no serious consequence as long as there is some contact when 
the fragments are aligned (Fig. 430). Even in badly comminuted frac- 
tures union will take place if there are a sufficient number of small pieces 
of bone with adequate blood supply left to fill in the spaces. The weak 
places, however, must be protected until sufficient bone has filled in around 





Fig. 430.—Roentgen picture of fracture at angle of mandible with loss of bone. If the fracture is 
reduced there will be enough contact at the inferior border to insure a good result. 


them (Fig. 431) or the jaw is liable to refracture. In constructing a splint 
for such a case the space between the teeth where the bone is missing is 
kept open by connecting the two parts of the splint with strong metal 
bars, which are attached with solder. 

If there is complete loss of bone in the molar region (0.5-1 cm.), the 
posterior fragment may be drawn forward sufficiently to make contact, 





Fig. 431.—Roentgen picture of case shown in Fig. 430, taken one year later, which shows healing. 


holding the anterior fragment in occlusion by means of intermaxillary fixa- 
tion. To do this is may be necessary to grind the teeth in the posterior 
fragment. 

If a larger section of the bone is lost the remaining segments should be 
held in their anatomical position until healing is completed. Later trans- 
plantation of the bone should be resorted to to restore the continuity of 


the bone. 
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Ununited and Malunited Fractures of the Jaws.—Nonunion is gen- 
erally due to one of three principal causes. The most frequent one is im- 
proper or insufficient fixation or lack of proper contact of the fragments. 





Fig. 432.—Roentgen picture of a fractured mandible showing nonunion. Was treated seven 
weeks with interdental ligation, when an abscess formed, which was lanced. Swelling and pain 
did not disappear. Tooth found to extend between the fragments. 





Fig. 433.—Case of malposition. The apparatus is designed to press the incisor teeth apart. 
When the condition has been corrected, the regulating device is removed, but the splint after 
being locked to retain the position is left until union has been completed. 


Normal contact is often prevented by interposition of a detached piece of 
bone or a displaced tooth. Nonunion may be caused by infection either 
from an involved nonvital tooth (Fig. 432) or by osteomyelitis. 
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In dealing with cases of nonunion general diseases as contributing fac- 
tors must be diagnosed and treated (syphilis). With the use of properly 
constructed splints most cases will in time unite. It may be necessary to 
freshen the surfaces of the fractures before treating the case under the new 
conditions. Instruments, the end of which contain a coarse file, have been 
devised for this purpose. If, after several months’ trial, it is found that the 
case does not yield to this treatment, bone grafting may have to be re- 
sorted to. 

Malunion in its mildest form does not necessitate any treatment other 
than adjusting the occlusien of the teeth by grinding, or if there is any 
need, by the construction of bridges or adjustment of plates. 

Malposition in cases of incomplete union, however, can be treated by 
orthopedic devices which will vary in each individual case. A great deal 
can be accomplished by means of springy wire or intermaxillary rubber 
bands used inside the mouth, or by more complicated extra-oral apph- 
ances, such as illustrated in Fig. 433. After the position has been corrected 
by the application of continuous force a locking device is used to hold the 
bones in place until union is complete. 

In cases of long standing, with union complete but jaws in malposition 
and poor occlusion which cannot be corrected by dental adjustments, it 
will be necessary to refracture the bone. This may be done by means of 
a small incision through which the chisel can be applied to the bone. 
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Surgical Anatomy.—From a surgical viewpoint the maxillary bone is of 
great importance. It is the largest bone of the face with the exception of 
the mandible. It forms the framework of the upper part of the face with 
the nasal and malar bones. Each maxillary bone helps to form three cav- 
ities: the roof of the mouth, including the upper teeth, the floor and outer 
wall of the nasal fossa, and the floor of the orbit. It also takes part in 
the formation of two fossae, namely, the zygomatic and sphenomaxillary, 
and two fissures, the sphenomaxillary and pterygomaxillary. The maxil- 
lary sinus is situated in the body of the maxilla. The maxilla articulates 
with two cranial bones, the frontal and the ethmoid, and with nine bones of 
the face, the nasal, malar, lacrimal, inferior turbinates, palate and vomer; 
and may articulate with the pterygoid plate of the sphenoid and external 
pterygoid plate. 

It is easy then to understand that the maxillary bones with all their 
articulations, supporting one half the teeth of the mouth, and being in such 
close association with important organs, nerves and blood vessels, and 
above all having direct articulation with two cranial bones, becomes of 
great importance in fractures and other surgical conditions. 

In discussing fractures of the maxillary bone it must be remembered 
that seldom is this bone the only one implicated because in most cases the 
vomer, palatal, lacrimal and inferior turbinates are also involved. 

The maxilla has attachment only with the muscles of expression. They 
are not powerful enough to have any influence on the displacement of the 
fragments as is the case in the mandible. Most of the displacement is due 
to trauma and direction of the traumatic force. Complete horizontal frac- 
tures, however, often involve the malar bones and pterygoid plates. The 
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downward and backward pull of the masseter and internal and external 
pterygoids accounts for the backward displacement in maxillary fractures. 

Etiology.—Fractures of the maxillary bones are entirely due to trauma. 
Automobile and other transportation accidents combined with various in- 
dustrial hazards cause the bulk of them. 

Frequency.—Fractures of the maxilla do not occur so frequently as 
fractures of the mandible. The relation is about 1 to 4. They usually 
heal readily because of their many contacts with surrounding bones. Non- 
union of a maxillary fracture is unknown, but owing to their anatomical 
position they are likely to be serious and lead to various complications 
because of the frequency of their association with fractures of the base of 
the skull. 

Symptoms.—There is usually considerable inflammation and edema of 
the soft tissues of the face. The eyelids are often greatly swollen with 
considerable ecchymosis and conjunctival hemorrhage. This is especially 
true if the fracture line is higher up involving the orbital plate, malar and 
nasal bones. 

The occlusion of the teeth is often disturbed. The extent depends upon 
the type of fracture (see treatment of various classes of fracture). The 
patient, naturally, is not able to take solid food. Anesthesia of the skin 
supplied by the infra-orbital nerves is quite often present. There may 
be varying degrees of laceration and inflammation of the buccal as well 
as the nasal mucous membranes. The nasal passages may be completely 
blocked. 

Examination and Diagnosis.—In extensive fractures involving the up- 
per part of the face one must keep in mind the entire anatomic structure 
of the face. The importance of a thorough examination in all cases of 
traumatic injuries of the face cannot be overemphasized. Careful reading 
of the hospital records, including history, temperature chart and the re- 
port of the physical examination by the internist, will make for greater 
competence on the part of the surgeon. It is important to know whether 
the patient has been unconscious and, if so, whether there was any hem- 
orrhage from the nose, mouth or ears immediately after the injury. One 
should inquire what the blood pressure has been, and whether the patient 
was in shock for a long time. In addition, we should check up on the tem- 
perature and the pulse rate, whether the latter is abnormally slow or accel- 
erated in relation to the temperature. 

The loss of consciousness following accidents is not uncommon, but if 
there has been bleeding from the ears and nose, and if examination reveals 
multiple fractures of the maxillae and the nasal and malar bones, we may 
suspect the presence of a fracture also of the base of the skull. A low 
pulse rate, say between 50 and 60, may be a symptom of cerebral pressure, 
and if the patient has been having severe headaches, projectile vomiting, 
restlessness and other neurological symptoms, it is a matter of great 
concern. 

Most patients with multiple injuries of the face and jaws will also suffer 
from swelling and edema of the face which comes on within twenty-four 
hours. It is important to know whether the inflammation is increasing or 
gradually receding. The temperature chart, the white blood count, the 
nature of the swelling, the general appearance and behavior of the patient 
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are guides for the future course of treatment, because the first effort must 
be to combat the spread of infection. 

The diagnosis is made mostly from the signs and symptoms, the 
mobility of the bone, and disturbance of the occlusion of the teeth which 
is always present. 

Fractures of the maxilla are classified as follows: 

1. Fracture of the alveolar process. 

2. Partial fracture of maxilla. 

3. Bilateral horizontal fracture (Le Fort or Guérin fracture) . 

(a) At low level involving only the maxilla and palatal bone at the 
level of the floor of the nose. 

(6) At high level involving the malar and nasal bones, and orbital 
plates. 

4. Comminuted fractures associated with extensive laceration of the 
soft tissues. 

_This classification, as will be seen later, is based on the mechanical 
principles covering the manner of fixation of fragments, as each case re- 
quires a different type of splint, based on the available point of anchorage. 

Technic of Treatment.—The general care of the patient is the same as 
for mandibular fractures. However, owing to the diversity of the symp- 
toms certain extra precautions are necessary. Even if there is slight evi- 
dence of cranial injury no drastic and hasty treatment should be given, 
such as forcible manipulation of the fractured parts, or the use of general 
anesthesia. It is true that fractures of the maxillary bones heal quite 
readily and the problem of immobilization should not be delayed too long, 
yet a few days of delay will not do any harm. Moreover, there are simple 
methods of reducing fractures with the patient in bed which do not cause 
a great deal of exertion on the part of the patient. 

If the fracture is complicated with injuries to the nasal cavity and 
sinuses every effort should be made to keep the nasal passages open by the 
use of frequent sprays of ephedrine, or 1 per cent cocaine packs or spray, 
in order to facilitate drainage of the secretions and serum collected in the 
various sinuses. 

Methods of Fixation.—These depend on the type of fracture. 

1. Fracture of the Alveolar Process—In many accidents when the 
trauma is directed on the upper teeth or the alveolar bone containing 
them, the fractures usually are limited to these parts. As a result it is not 
unusual to find the crowns of teeth fractured at the level of the gum line 
or forced out of their sockets, likewise alveolar bone supporting the roots 
may suffer varying degrees of comminution. The treatment of fractures 
of the alveolar processes is surgical. All the broken fragments of bone and 
fractured teeth are removed, after which the sharp edges are trimmed with 
a rongeur. The lacerated mucous membrane, however, is carefully saved 
and sutured together. Any attempt at more conservative treatment in- 
variably leads to chronic suppurative conditions which delay the healing 
process, resulting eventually in necrosis and sequestration of part of the 
bone. 

2. Partial Fractures—Under this classification are grouped various 
types of fractures which, although differing in severity and extent of in- 
jury, have one point in common; namely, a part of the jaw carrying one 
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or more solid teeth remains solid in its position. A mild case may involve 
one small section to the entire half or a still greater part of the maxilla, 
with a little displacement; while an extensive case may show varying de- 
grees of comminution with loss of tissue and laceration of the oral mucosa. 
The displacement is usually downward and toward the median line. 

For immobilization in partial fractures, the most suitable anchorage is 
the solid part of the maxilla containing teeth. A splint is constructed 
which may differ in details of design, but it is important to have in mind 
that the splint is to be anchored to the solid portion. ~We may select one 
of several types of splint, the selection being dependent on the nature of 





Fig. 434.—Barton bandage. Fig. 435.—Four-tailed bandage for 
fractured jaw. 


the displacement and the position of the teeth. The splint is supplemented 
by an external pressure bandage (Figs. 434, 435). 

Horizontal Wiring —If the displacement of the fractured segment is 
inward and the patient has sufficient number of teeth within the proximity 
of the fractured area, a method of wiring similar to Figs. 436, 437, 438 is 
often sufficient to hold the displaced fragment in proper position. 

Retaining Appliance —This consists of metal bands attached to several 
selected teeth and soldered to a stout wire. It is cemented to the teeth 
and makes a useful splint in partial fractures where there are only a few 
scattered teeth on either side of the fracture line (Fig. 439). 

Metal Splints.—A splint similar to that shown in Fig. 397 for the lower 
jaw, with or without the aid of a band, is equally useful for fractures of 


393 


METHODS OF FIXATION 





Fig. 437. 





Fig. 438. 
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the upper jaw. Other useful splints may be constructed. Figure 490 
shows one used in a case which had to be refractured on account of union 
of the original fracture in a displaced position. 

Either of these methods is sufficient to correct the lateral dislocation 
of the fracture, but may not completely overcome the downward displace- 
ment. This can be controlled either by the application of an external 





Fig. 439.—Retaining appliance for fracture of maxilla. 


pressure bandage or by the use of wire hooks and elastic bands on the 
opposite healthy side of the jaw. 

3. Bilateral Horizontal Fractures—The main feature of this type of 
fracture is the complete separation of the maxillary bones from their at- 
tachments above. The line of fracture is roughly horizontal, but this line 
may be just above the alveolar process at the level of the floor of the nose, 





Fig. 440.—Splint for upper jaw. 


or higher up at the level of the floor of the orbit. When the nasal and 
malar bones are involved in the fracture, the line of separation extends 
from below the supra-orbital ridge along the floor of the orbit down to 
the pterygoid plates (Fig. 441). 

The degree of displacement may vary. Usually there is only downward 
displacement but when the upper and lower teeth are brought together no 
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disturbance of the occlusion is observed, although the abnormal mobility 
of the fractured part is distinctly noticeable. In the more severe cases, 





Fig. 441. 





Fig. 442. 


however, the maxilla may be pushed downward and backward or twisted 
laterally, thus distinctly disturbing the occlusion of the teeth. 
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Complete horizontal fractures involving the entire maxilla are immobil- 
ized according to the degree and type of displacement. If the displacement 
is mainly downward and the occlusion of the teeth is not disturbed, a 
pressure bandage is effective, provided that along with the fracture there 
are no other injuries to the face such as laceration or inflammation under 
the chin. We can use the so-called “Ace” bandage or the ordinary sur- 
gical bandage, exerting the necessary upward pressure in the following 
manner: First, apply a Barton bandage, as shown in Fig. 434, and then 





Fig. 443. 


attach a few ordinary elastic bands, stretched in front of the ear on both 
sides and held in position with adhesive tape. It is needless to say that 
these bands may be adjusted at will to regulate the upward pressure and 
immobilize the part (Fig. 442). 

More extensive maxillary fractures associated with pronounced down- 
ward and backward and lateral displacement of the maxillary bones and 
involving the nasal and malar bones are naturally very serious cases. 
Often the physical condition of the patient does not permit us to take 
measures which are essential in order to prevent subsequent deformity. 





Fig. 444. 


Generally it is possible, however, to resort to simple methods of gradual 
reduction of the distorted bony fragments, often without the aid of gen- 
eral anesthesia. In such a case it is necessary, first, to use methods that 
will reduce the anteroposterior displacement and, second, to reduce the 
downward displacement. 

For the reduction of the anteroposterior displacement, intermaxillary 
elastics are used. Wire hooks are placed around selected teeth, usually the 
last teeth in the upper jaw, and the cuspids or incisors on the lower jaw. 
To these hooks elastic bands are applied (Figs. 443, 444). It is not neces- 
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sary to use a great deal of elastic force to reduce the displacement in case 
of recently fractured jaws. In fact the patient is hardly conscious of the 
force, yet the constant tension gives surprisingly good results, so that often 
we find that within twenty-four hours the occlusion of the teeth has be- 
come normal. 

For the reduction of the downward displacement it is necessary to 
make a head-gear, fitted over the top of the head and forehead, to act as 
a point of anchorage. This head-gear may be made of surgical strapping 
material, plaster bandage or gutta-percha, the choice depending on the 
material at hand, and on the nature of the injury. 

Having the above-described appliance ready, one has the choice of two 
methods for the immobilization of the jaw. The first method is to force 
the lower jaw against the upper by means of a chin piece (Fig. 75) or 
intra-oral appliance fastened to the lower jaw (Fig. 422). On the whole, 
forcing the lower jaw against the upper is very desirable because with this 
method one is able to keep the occlusal relation of the teeth accurately in 





Fig. 445.—Molded leather chin piece with buckles and straps for graduated pressure upon a 
fracture of the inferior maxilla. (After Moriarty.) 


order. The second method is to construct an intra-oral splint fastened 
over the upper teeth with arms extending from the corners of the mouth 
parallel to the side of the face, similar to that of Kingsley or Marshall. 
Elastic bands extend from the arms of the appliance to the head-gear 
(Fig. 445) . 

The Marshall splint is made in the following manner: Take an impres- 
sion of the entire upper and lower arch in modeling compound. Pour plas- 
ter models and attach them to an articulator. It is necessary to cut the 
model of the upper jaw on the place or places where the fracture has oc- 
curred and reassemble it to get the correct position of the fragments as 
judged by the occlusion of the teeth. From a die and counterdie swage 
a nickel silver-cap splint, and after trimming it to fit down over the teeth, 
but not further than the gum margin, reinforce it both on the inner and 
outer sides. Cut away the top part so as to expose the occlusal surfaces 
of the teeth and attach with solder two oval tubes to each side into which 
fit two heavy oval wires which can be bent later to conform to the outline 
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of the face (Fig. 447). The splint is cemented to the teeth and fixation 
is secured by means of bandages which are attached to the wire arms and 
secured to a head-gear. (The head-gear can be made of padded metal bands 
and attached to the metal bars of the splint by means of elastic straps.) 





Fig. 446. 


This splint allows motion of the lower jaw, but gives opportunity at all 
times to examine the correctness of the occlusion. 

In edentulous jaws the artificial denture (rubber or metal plate), if it 
has not been damaged, may be used as a splint. If it was broken, or if 





Fig. 447—Marshall splint. Elastic straps or bandages are used to attach the wire arms to a 
head-gear. 


the patient’s teeth had to be removed on account of the accident, a vul- 
canite splint in the form of a plate with or without teeth can be constructed 
on the corrected model as above. Oval tubes are attached and wire bars 
are bent and inserted and attached into each side. 
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4. Comminuted Fractures Associated with Extensive Laceration— 
These types of fractures are seen in gunshot wounds and occasionally in 
automobile accidents. In the former instance there is usually extensive 
destruction of the bone as well as soft tissue, while in the latter the de- 
struction of tissue is often due to acute infection followed by osteomyelitis 
and sloughing of the soft parts. 

As the injuries extend into the deeper structures of the face the treat- 
ment is to prevent complications as far as possible. Surgical interference 
is only indicated after sufficient time has elapsed for the patient to recover 
from the shock of the original injuries. Drainage, of course, is of para- 
mount importance. It is a natural temptation for the attending surgeon 
to repair the external wound immediately. This can be done satisfactorily 
providing that the importance of adequate drainage is not overlooked. If 
there is a choice between suturing the soft parts and drainage, the latter, 
of course, should be given the preference. The external wounds can be re- 
paired later without causing additional deformity, and we suggest that it 
is better to wait and be sure before doing any suturing. 

Before beginning the surgical repair, the wound should be cleaned of 
all loose particles or foreign bodies. Free nasal passage and drainage for 
the sinuses should be obtained. 

Treatment of Complications —In the course of treatment of severe in- 
juries of the face, we meet a great many difficult problems and complica- 
tions, but the type of complication which stands out preeminently and re- 
quires our constant attention is infection, manifesting itself by cellulitis, 
abscesses, osteomyelitis or necrosis. 

All face and jaw wounds are potentially infected. In favorable condi- 
tions, inflammatory reactions of the tissues gradually subside, but persist- 
ent and increasing inflammation with high temperature is attributable to 
lack of adequate drainage. We have stated above that infected wounds 
should not be closed unless adequate drainage is provided. To ignore this 
simple rule will lead to unavoidable complications. 

Often infection may have penetrated into the deeper tissues and will 
take its course whether or not wounds are sutured. The obvious course is 
to apply hot fomentations and use mouth irrigations in order to localize 
the inflammation and bring the pus to the surface so that free drainage 
can be established. Abscesses which appear should be incised, their con- 
tents evacuated and drains inserted. If the sepsis is caused by an infected 
tooth, this should be properly investigated by means of a roentgen picture. 
If a sinus persists for several weeks, the existing sequestra should be 
located and removed. The submaxillary and upper carotid triangles may 
be filled by a brawny infiltration associated with necrosis of a fractured 
jaw. On the other hand, with proper treatment and in less difficult cases 
the course of the healing process is simple and easy to manage. The repair 
of the fracture takes place without complications. 
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Some fracture cases require great care and good nursing, and the element 
of shock is important and must be carefully considered, especially in frac- 
tures of the maxillary bone. 
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NASAL BONES 


Anatomical Considerations.—The nasal bones form the upper half of 
the bridge of the nose and they are in contact with the perpendicular plate 
of the ethmoid, the cartilaginous septum, the maxillae, the frontal bone 


Cribriform plate 


Frontal sinus }> 


Nasal bone |- 


Sphenoidal si 
Ethmoid plate phenoida] sinus 


s| Vomer 


Superior maxilla 








Fig. 448.—Median section of nose. 


and the lateral cartilages. Any injury resulting in fracture of the nasal 
bones is bound to affect some of these structures they are in contact with, 
and this may be of far greater importance than a mere external disfigure- 
ment of the face (Fig. 448). 





Fig. 449. 


The nature of the fractures varies. A direct blow over the bridge of 
the nose (1) if mild, may fracture the inferior edge of the nasal bone where 
it is most frail; (2) if the impact of the blow is a little higher the naso- 
frontal articulation may be separated and the inner bony arch may be 
displaced and somewhat impacted; (3) the fracturing force may be great 
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enough to cause comminution of the nasal bones and flattening of the 
entire arch; in this instance the bony septum is also subjected to consid- 
erable trauma (Fig. 449). 

A blow to the side of the nose may: (1) cause fracture of only one 
nasal bone resulting in depression of the side of the nose (Fig. 450), or 
(2) the entire bony arch may be separated from its attachment at the 





Fig. 450. 


base as well as from the nasofrontal suture and it may be deviated to one 
side (Figs. 451, 452). 

Injury to the cartilaginous framework of the nose (lateral cartilages, 
cartilaginous septum) occurs either independently or in connection with 
bony fractures. Dislocation of these cartilages often leads to nasal ob- 
struction or external deformity. These are more stubborn to immediate 





Fig. 451. 


treatment, often requiring secondary operation for their correction (Fig. 
453) . 

In most fractures caused by automobile and other civilian accidents 
injury of varying severity of skin as well as mucous membrane of the nose 
is quite common and unless treated adequately may lead to external de- 
forming scars or internal adhesions and stenosis of nasal passages. 

26 
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The Nasal Septum in Fractures of the Nose.—The starting of the quad- 
rilateral cartilage of the septum at some of its bony attachments may be 
evident at once after the fracture of the nose as a marked dislocation, or 





Fig. 452. 


no change may be seen until long afterward, when a ridge due to inflam- 
matory thickening is found along the previously loosened border. The 
septum may be dislocated from its attachment to the superior maxilla, and 
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Fig. 453. 


deviate into one nostril or the other. The commonest dislocation occurs 


at the junction of the cartilage of the septum with the vomer and the 
ethmoid. 
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Lesions of the septum due to fracture occur usually in the posterior 
two thirds of the cartilaginous septum and in the anterior half of the bony 
septum. Fractures rarely extend through the septum to the posterior 
nares. In fractures of the nasal bones with little displacement the septum 
may show no change. Even with considerable depression and comminu- 
tion of the nasal bones the septum as a whole may appear unchanged, the 
lesions of the septum being confined to bowing or tearing at the seat of 
fracture. When the nasal bones are much deviated the free edge of the 
septum deviates with them. Fractures of the nasal bones may occur alone 
or in combination with fractures of the septum. Severe cases of broken 
nose usually combine the two conditions. 

Fractures of the septum which admit of classification follow one of two 
types—horizontal fractures or vertical fractures. The vertical fracture is 
much the rarer. It may occur anywhere in the course of the cartilaginous 
septum, but when situated well back is to be distinguished from disloca- 
tion of the cartilage. The horizontal fracture produces a gutter-like de- 
formity roughly parallel with the floor of the nose. A convexity appears 
in one naris, and a concavity in the other. Closely allied to these last 
two fractures are the sigmoid deviations, in which the relation to fracture 
is unsettled. They are so common that they are mentioned for the sake 
of completeness. The name describes them. They occur in the same two 
types as the angular variety. 

Symptoms and Diagnosis.—Recent fractures show considerable swelling 
of soft tissues, the degree of which is dependent upon the severity of the 
case. Comminuted fractures show more swelling which may extend toward 
the eyes and cause considerable amount of ecchymosis of the eyelids. 
There is definite tenderness on slight pressure and crepitus. Pain, if pres- 
ent, is usually due to congestion of mucous membrane of the nose com- 
bined with blocking of drainage from various sinuses. 

The diagnosis of nasal fracture is not difficult to make, except in cases 
where the fracture is very mild and when there is slight edema or swelling 
of the soft tissues and no external deformity is apparent. However, in 
such cases there is always localized tenderness on pressure combined with 
the other symptoms mentioned above. 

x-Ray of the nasal bones is an important means of diagnosis. 

Treatment.—If the patient is seen soon after the accident and has not 
developed local sepsis one should reduce the fracture immediately. How- 
ever, this ideal condition is not always present. Cases in which consider- 
able inflammation has set in combined with soft tissue injuries of the skin 
may be treated conservatively for two or three days until the inflammation 
has subsided or become localized. In the meantime, in order to hasten this 
process it is necessary to apply external applications of cold magnesium 
sulfate solution. The nasal cavity should be sprayed frequently with 
shrinking solutions in order to facilitate drainage. Reduction of a frac- 
ture, however, should not be delayed too long as the nasal bones unite 
readily and the time element is important for the best results. 

Technic of Reduction of Fracture.—Local anesthesia in the form of 
cocaine packs in the nose and novocain injections in the surrounding skin 
along the base of the nose is often sufficient anesthesia to correct the nose. 
However, this procedure is not suitable for children and some hypersen- 


404 FRACTURES OF THE FACIAL BONES 


sitive adults. On occasion either light ether anesthesia or nitrous oxide 
and oxygen should be used. 

The procedure consists of elevating the nasal bones to their normal 
position in the following manner. 

Simple Fracture of the Nose (Mosher) —A flat periosteal elevator is 
placed in the nose well up under the depressed nasal bones (Fig. 454); the 
thumb of the left hand is placed against the second nasal bone where it 
overlaps the ascending process of the maxilla. Meantime, thumb pressure 
forces this last bone into correct position. In this manner, both bones are 
replaced in their normal positions. Any strong, narrow, and thin instru- 
ment may be of service as an elevator. For fractures high up with dis- 
placement, gauze packing carried well up may be required to retain the 
elevated bones. For lower deviations the Asch tube may be needed. If 
the nose is crushed it will be necessary to model the nose over the Asch 
tube, one being placed in each nostril, to preserve the contour and lumen 
of the nose. If there is no tendency for the deformity to recur, the use of 





Fig. 454.—Nasal fracture. 


splints is not indicated. Care must be exercised by the patient to avoid 
sudden pressure on the nose from the rough use of the pocket handker- 
chief. The treatment of these cases requires special cleanliness, perfect 
drainage, and frequent dressings. If there is a recurrence of the external 
deformity, localized pressure may be exerted in various ways, all of which 
are more or less satisfactory. 

Usually there is no need for additional support or a splint after reduc- 
tion is carried out successfully, provided the correction is done within a 
week following the injury. If circumstances demand a delay in reduction, 
experience has shown that it is still possible to replace the nasal bones in 
their normal position, but unfortunately elasticity of the fibrous tissue 
seems to gradually force the nasal bones to their former displaced position. 
In such cases it is necessary to apply a nasal splint. A splint of the 
author’s design has proved quite effective (Fig. 455) . 

This splint is designed to deliver a desired amount of continuous force 
against the lateral aspect of the nose at any point selected. The contin- 
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uous force is created by elastic bands acting on an arm, which can move 
freely, pendulum-wise on a binding post, fixing it to the base. The base is 
a metal frame imbedded in dental composition resting on the taped fore- 
head. Thus the base is fixed to the skin of the forehead. The skin itself, 
of course, moves on the forehead to some extent and for this reason the 
use of elastic bands is important for the maintenance of an effective and 
continuous force. The point of pressure on the nose is protected by ad- 
hesive plaster and the metal pressure pad is fixed to the nose with a small 
piece of dental composition heated in an alcohol lamp flame. It is well 
to have compound tincture of benzoin applied to the skin before taping 
for its protective action. 

Treatment of Comminuted Fractures—Comminuted fractures often 
associated with extensive laceration of soft tissues of the nose are in greater 
danger of spreading infection than the other types; therefore, the first step 
in treatment is to take steps to ward off possible complications. These 
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Fig. 455. 


consist of external surgical dressing and the establishment of normal drain- 
age of the nose by shrinking the nasal mucosa with cocaine-adrenalin solu- 
tion or any one of their substitutes. The next step is mobilization of the 
fragments. 

Comminuted fractures are often characterized by excessive flatness of 
the nasal bony ridge. In their early stages, while the fragments are still 
loose, they may be elevated to a fair position but they must have some 
kind of support to remain in an elevated position. For this purpose it is 
often necessary to pack the nasal cavity with strips of gauze saturated 
with boric ointment, but if the packing interferes with proper drainage, as 
in cases of associated sinusitis, it is necessary to use other methods so as 
to allow free drainage. For this purpose I have the following method to 
offer: 

A 16-gauge wire, 2 inches long (Fig. 455), is bent to form a Ueto 
one of the arms of the U small metal hooks are soldered. A small piece 
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of dental composition is softened and added to the smooth arm of the U 
wire. This is then introduced to the nose well up under the comminuted 
nasal bone and pressed against the root of the nose. When this is removed 
we find the soft plastic dental composition has molded itself to the inner 
surface of the nose. After trimming the surplus composition, it is placed 
back into the nose again. A bar (12-gauge wire), the lower end of which 
is supplied with hooks, is extended from the forehead to the nose and is 
held in place by either a plastic bandage or any other secure means. A 
small elastic band connects the U and the bar. The force of the elastics 
need not be great, but merely enough to hold the bone fragments up in 
position. 

Complications.—Through infection of the external or the internal 
wounds suppuration may begin, abscesses form, and necrosis of bone and 
liquefaction of cartilage may occur. Emphysema may be noticed if the 
fracture is open into the nasal cavity. It will disappear after a few days 
with no treatment. 

The lacrimal duct may be obstructed if the nasal process or the supe- 
rior maxillary bone is involved. The nasal bone may be forced up into 





Fig. 456.—Fracture of base of skull; impaction of nasal and part of ethmoid bones, which 
project into the interior of cranium. Male, aged twenty-eight; diagnosis, fracture of nose. 
Died of meningitis. (After Helferich.) 


the floor of the anterior fossa of the skull, and cerebral complications arise 
(Fig. 456). If the deformity following fracture of the nasal bones is not 
corrected there is great likelihood of trouble, either immediately or in af- 
ter years, because of the damage to the nasal septum. 


FRACTURE OF THE MALAR BONE 


Anatomical Considerations.—The malar bone forms the prominence of 
the cheek and it is an important part of the facial framework. It is a 
quadrilateral bone with four processes—the zygomatic, the maxillary, the 
frontal and the orbital; and it articulates with four bones—the frontal, 
the sphenoid, the temporal and the maxilla. It provides muscular attach- 
ments for the masseter, the temporal and the muscles of expression. It 
contributes to the formation of the orbit and the zygomatic and temporal 
fossae (Fig. 457). 

Displacement of the malar bone may markedly change the facial con- 
tour. Changes in its position or in its structure may cause interference 
with mastication or visual and ocular disturbances. Deformity rather than 
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serious functional derangement is, however, the usual result of neglected 
fractures of the malar bone (Fig. 458). Figure 459 shows a recent frac- 
ture with marked swelling and ecchymosis of the eyelids. 
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Fig. 457.—View of skull from under surface. Note relations of coronoid of inferior maxilla 
to zygomatic process and malar bones; the space on either side of the coronoid process is filled 
by muscle. 











Fig. 458.—Depressed left malar bone. Note depression behind and below left orbit. (Warren.) 


Etiology.—Fracture of the malar bone occurs rather frequently. Auto- 
mobile accidents provide the largest single cause of fractures. Football, 
baseball and other sports lead to fractures of the malar bone. The major- 
ity of these fractures are simple but some involve the neighboring maxil- 


lary bone and antrum. 
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Special Characteristics and Symptoms.—As indicated above, most cases 
are simple fractures. A few, however, are comminuted and these especially 
may be associated with external soft tissue bruises and lacerations. Sim- 
ilarly, fracture of other facial and cranial bones may accompany the more 





Fig. 459. 





Fig. 460. 


severe accidents. Maxillary fracture is the most common associate of 
malar bone fracture. At times skull fracture is also present and may not 
be recognized. 


Fracture of the body of the malar is rather unusual, the break usually 
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occurring through one of its processes. The fracture line is often con- 
tinuous with the suture line of some adjoining facial bone. 

The whole of the malar may be depressed or it may be tilted inward 
toward the zygomatic fossa either because of a coexistent maxillary frac- 
ture or a loosening of its normal articulations (Figs. 460, 461). The re- 
sultant deformity is usually a depression inferior and lateral to the eye. 
The fracture line or separation is usually palpable but mobility or crepitus 
is rarely present (Fig. 458). 

Localized subconjunctival hemorrhage is commonly present with orbital 
involvement; and with fracture in the orbital floor the infra-orbital nerve 
is injured. 





Fig. 461. 


Subjectively, the patient feels prickling sensations throughout the area 
of distribution of this nerve, 7. e., in the upper gum, the skin of the cheek, 
the nose, and the upper lip. The patient often states that the upper lip 
is numb. 

Temporary or permanent limitation of jaw motion may follow malar 
bone fracture. Subcutaneous hemorrhage and edema may be severe enough 
to cause temporary limitation of motion. Bony pressure of the displaced 
malar may directly interfere with the path of movement of the coronoid 
process of the mandible (Fig. 462). An associated zygomatic arch or 
coronoid process fracture may, of course, limit jaw movement permanently 
and markedly if not corrected. 
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The constitutional reactions to malar bone fracture are generally not 
severe. Locally edema and cutaneous anesthesia of the face are matters 
only of discomfort. Deep infection of associated facial lacerations or in- 
fection of the maxillary sinus of that side may seriously alter the picture. 
The maxillary sinus is often filled with blood in severe malar fracture and 
this may become freshly infected or there may develop a flare-up of chronic 
sinus trouble of the antrum involved. 

Diagnosis.—Accurate palpation and comparison of the malar bones is 
rather difficult, especially with the degree of edema often present in frac- 
ture cases. Palpation of both malars at the same time is the most reliable 
method of acquiring information and this is done by standing either in 





Fig. 462. 


front of the patient or behind him and carrying out the palpation of both 
malars, one with each hand. The index fingers may be passed outward 
along the orbital margins feeling for the fracture line or depression. The 
malar process of the maxilla may be palpated by lifting up on the soft 
tissues of the cheek (Fig. 463). The upper border of this process may 
be palpated at the orbital margin, making almost one half of the inferior 
orbital border. By following the orbital margin outward and upward the 
malar bone is palpable until the frontal bone is reached. By following the 
lower border of the malar process of the maxilla backward and laterally 
the free lower border of the malar bone is felt continuous with the zygo- 
matic process. Beginning with the posterior edge of the frontal bone in 
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the temporal fossa the posterior border of the malar may be palpated 
down and back into the zygomatic arch. The under surface of the malar 
bone may be palpated intra-orally by placing the fingers (palm outward) 
in the superior sulcus of the cheek and going back until the coronoid proc- 
ess of the lower jaw is felt. These anatomical details are necessary to 
have in mind in order not to miss fractures of the bone. 

x-Ray Diagnosis.—x-Ray pictures are indispensable in every case not 
only for diagnosis of fracture but also direction of fracture lines and pos- 
sible involvement of sinuses and other fractures of the facial bones. 

Treatment.—Reduction of the fractured malar should be done as soon 
as it is surgically safe. With only slight bruising and edema simple frac- 
tures may be reduced at once. With severe local inflammation, hematoma, 
and associated nasal congestion on the affected side, immediate reduction 
is inadvisable. Rest in bed is necessary with cold compresses applied to 
the area involved. In comminuted fractures with antral involvement, co- 
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Fig. 463.—Dark line, skin incision; dotted lines, bone incisions. (Mosher.) 


caine nasal packs or ephedrine sprays to shrink down the nasal mucosa 
and facilitate drainage from the antrum, are of value. In these more 
severe cases, the associated soft tissue injuries must be adequately treated. 
Suturing of lacerations after careful cleaning and débridement may be nec- 
essary. In deeper wounds drainage is of great importance and much harm 
can be done by complete closure without drains. It is possible to delay 
reduction for any of the above reasons up to two weeks but further post- 
ponement is not safe since bony union takes place early in malar bone 
fracture. 

No single method may be used for reducing all malar fractures. Sev- 
eral procedures are useful and will be described. (1) In the more com- 
mon simple fractures with inward and downward displacement the use of 
a double-hooked forceps as a grasping instrument is quite useful. The 
median end of the displaced bone may be grasped directly through the 
skin at the inferior orbital margin. Traction upward on the lower lid and 
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eyeball with the fingers of the opposite hand will take the eye out of 
danger (Fig. 464). 

(2) The under surface of the malar bone may be approached intra- 
orally. The mucous membrane of the buccal fold is incised in the second 





Fig. 464. 


molar region in order to introduce a periosteal elevator which is carried 
up posteriorly until it is in contact with the inner surface of the zygomatic 
process of the malar bone. A considerable amount of lifting is made avail- 
able in this fashion because of the leverage which can be obtained with 





a periosteal elevator. A definite snap is heard with reduction (Fig. 465). 
Other methods have been described. (3) The external method, advocated 
by Gillies, is as follows: A small incision, about 4 cm., is made over the 
temporal muscle well under the hairline; the temporal fascia is exposed 
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and cut through. A long, blunt periosteal elevator is introduced through 
this facial opening and passed downward over the temporal muscle until 
the end of the elevator reaches the zygomatic fossa and assumes a position 
under the depressed bone. By using the temporal bone as a fulcrum, the 
operator holding the handle of the elevator forces the depressed bone into 
position. This method is carried on in a completely sterile field and is 
especially useful in fractures of two weeks’ standing that have not been 
corrected, because the lever-like action of the elevator against the skull is 
more powerful than the method used through the intra-oral route (Fig. 
466). The former method is simpler because it can be performed under 
local anesthesia and, in the author’s experience, infection has not occurred 
in a single case operated on through the buccal fold. 

Comminuted fractures of the malar bone almost always involve the 
maxillary sinus. These require an approach through the canine fossa as 





Fig. 466. 


in the Caldwell-Luc operation. By this method the blood clots and bony 
fragments loose in the antrum may be removed. Drainage of the antrum 
should be provided for by creating a naso-antral opening under the in- 
ferior turbinate. The fracture may be reduced easily in these cases by 
manipulation through the opening of the canine fossa into the antrum. 
‘The reduced fracture, however, must be retained in position and two dif- 
ferent methods may be employed for this purpose. First, the antrum may 
be packed firmly with gauze lined with rubber dam, this packing being 
removed gradually after three or four days. This first method may not 
succeed in holding the fracture in correct position and it may interfere 
with drainage and thus cause complications. A better method to maintain 
reduction is to drill a small hole in the malar bone with a dental or hand 
drill at a convenient point near the orbital rim. Through this a fine brass 
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or silver wire may be passed (Fig. 467); the two ends of the wire are then 
threaded through a curved cutting needle and thus brought through to the 
outside of the cheek where they are twisted together forming a loop. 





Fig. 468. 


Elastic bands are now utilized to exert an upward and outward pull on 
this loop from a heavy (No. 8) wire descending over the face. This heavy 
wire is supported by a rigid head-gear or a plaster bandage on the forehead 
(Fig. 468). It is usually not necessary to maintain traction over one week 
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and at this time the wire loop may be removed by cutting one wire. The 
soft tissues are not irritated by the fine wire and the author has seen no 
bad results from its use (Fig. 469) . 

Prognosis.—Unreduced malar bone fractures do not cause functional 
disability except in the rare cases where there is interference with mandib- 
ular movement. The prevention of deformity is the primary reason for 
careful reduction of these fractures. In general excellent results follow the 





Fig. 469. 


reduction of malar fractures. Good results in several series of cases have 
been reported as from 25 to 100 per cent. Late complications are decidedly 
rare. In the author’s series of cases with malar bone fracture, one patient 
developed sinusitis of the antrum two months postoperatively which re- 
quired operative treatment. Without careful treatment and consideration 
of the antrum in comminuted fractures, late results would be much less 
satisfactory. 


CHAPTER XXII 


HEAD INJURIES 
Louis T. Wricut, M.D. 


Tuer term “head injury” means an injury to the skull or its contents. 
It includes skull fracture with or without intracranial injury, and intra- 
cranial injury without skull fracture. The unique feature of skull frac- 
tures is succinctly expressed in this fashion, the fracture of the skull is 
distinguished by the relative unimportance of the bony lesion itself and 
by the relative preponderating gravity of the associated and complicating 
lesions of the brain. The cerebral pathology caused by trauma is the chief 
consideration in determining treatment. It is to this pathology with its 
resultant cerebral pathological physiology, that immediate and unremit- 
ting attention must be given. In some instances a thorough understand- 
ing of the bone pathology is important to comprehend the relationship 
existing between the bone injury and the underlying cerebral injury. 

Etiology and Incidence.—It is general knowledge that motor vehicles 
cause most of these injuries. The hazards of modern industry are respon- 
sible for many such injuries. 

The nature of the trauma in a recent personal series of 1771 cases was 
as follows: 


Cases 
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In my experience deaths from head injuries exceed the total number 
of deaths from all other traumata combined. The death rate from these 
injuries approaches that of active combat military service. Acute or 
chronic alcoholism is an etiological factor in over 50 per cent of all cases 
according to conservative estimates based on hospital admissions. In au- 
topsy material Vance found alcohol in the liver and brain in 40 of 139 
fatal cases of cerebral concussion, or 28.6 per cent. Four times as many 
males suffer such injuries as females and, as to age, the ratio is 10 adults 
to 1 child. 

Anatomical Considerations—The Cranium—The cranium or skull is 
an elastic, irregular hollow sphere that rests on and is attached to the 
vertebral column, and forms the bony covering of the brain. It is formed 
by the union of eight characteristically curved flat bones. Certain lines 
of union called “sutures” hold these bones together in a characteristic 
manner. The vault or calvarium is that portion of the skull above an 
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imaginary plane made by a line drawn through the supra-orbital ridges 
and the superior nuchal ridge of the occipital bone. The vault is elliptical 
and dome shaped and it forms the arched wall of the cranial cavity. The 
base of the skull is irregular within and relatively flat, and the bones are 
harder, more brittle and contain many foramina. Internally the skull base 
is arbitrarily divided into three fossae, arranged in a series of terraces, with 
the anterior fossa highest, the middle next and the posterior fossa the 





Fig. 470.—Anterior view of Fig. 471; note nasal bone depressed and driven into base of skull. 


lowest. The skull is strengthened by strong ridges of bone in the vault 
and base, but the foramina of the base make it weak in places. 

Sutures—The cranial sutures are: (1) the sagittal, between the two 
parietal bones, (2) the frontal, which is present only in children, between 
the two frontal bones, and when it persists in adults is called the metopic 
suture, (3) the coronal, between the parietal, frontal and sphenoid, (4) 
the lambdoid, between the parietal and occipital, and (5) the squamous, 
between the parietal and temporal bones. 





Fig. 471.—Fracture of base of skull; impaction of nasal and part of ethmoid bones, which 
project into the interior of cranium. Male, aged twenty-eight; diagnosis, fracture of nose. 
Died of meningitis. (After Helferich.) 


Mechanics of Skull Fracture.—Fracture lines start at the point of im- 
pact, and the fracture radiates in the direction of the violence. Fractures 
of the vault generally proceed down to the base (Figs. 470, 471). Frac- 
tures are caused usually by a strong force. The cranium may be diffusely 
crushed, or there may be a sharply localized fracture from a blow (Figs. 
472, 473). Variations in degree and intensity occur between these two 
extremes. If the head is fixed there is no contrecoup injury to the brain. 
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A blow on the chin may produce one type of basal fracture as the force 
is transmitted to the floor of the middle fossa via the condyles of the 
mandible (Fig. 474). A person may fall landing on his feet and thus 
cause a fracture of the occipital bone extending into the foramen magnum, 





Fig. 472.—Punctate fracture entering posterior fossa. From the puncture depression a line of 
fracture extends downward and backward. (Warren Museum, Specimen 965.) 


the force being transmitted via the vertebral column and the condyles of 
the skull. 

LeCount, from his autopsy material of 1278 linear fractures, found that 
violence is more common below the crown or near the basal level. A clas- 





Fig. 473.—Splintering of inner table; cross-sections; diagrammatic: a, Usual form of punc- 
tate fracture; b shows that a linear fracture may be much more extensive internally than ex- 
ternally. 


sification of skull fractures is more of academic interest than of therapeutic 
importance. Vance recognizes three types of fracture—linear, composite 
and depressed; while LeCount and Hockzema stress linear, symmetrical 
and small ring fractures (Figs. 472, 473, 475, 476, 477, 478). The terms 
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eeys . . 
linear,” “fissure,” “diastatic,” “compound” and “depressed” are usually 
sufficient. 


Penetrating Skull Fractures.—Gunshot wounds and stab wounds with 
an ice-pick or a knife are by no means rare in civil life, and all types of 





Fig. 474.—Showing thinness of the roof of the glenoid fossa, which is occasionally broken 
by, the condyloid process of the inferior maxilla when a blow is received on the jaw. Arrow 
points to thin shell of bone between dura and joint below. 


penetrating and perforating wounds of the skull are of common occurrence 
during war. These fractures are caused by a force of small mass and great 
velocity; and they are always compound. In stab wounds there is usually 
simple penetration, while in gunshot wounds bone fragmentation is in in- 








Fig. 475.—Fracture of skull with middle Fig. 476.—Fracture of skull with depressed 
meningeal hemorrhage. Compression of brain fragments. Compression of brain by bone and 
by blood alone. Extradural hemorrhage. blood. 


verse ratio to projectile momentum; the greater the velocity the less the 
fragmentation, and the more clean cut the perforation. The unjacketed 
bullets used in civil life have less velocity and are more easily deflected 
with resultant greater laceration of soft tissues than the hard-jacketed 
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military bullets, which perforate tissues with much greater ease. Shrapnel 
fragments inflict injuries which vary according to fragment size and 
velocity. One table of the skull alone may be fractured, while on the other 
hand the wound may be through and through, involving both walls of 





\ 


Fig. 477.—Depressed fracture of frontal bone from outside, showing depression of fragments. 
(Warren Museum, Specimen 7951.) 








Fig. 478.—Same as Fig. 477; inner surface from within; shows excess of bone formation. 


the skull. Chatelin and DeMartel term through-and-through wounds “per- 
forating,” while those in which fragments of bone are driven into the brain 
they term “penetrating.” They recognize the still more serious group of 


cases in which the skull and brain are ploughed up widely by a large piece 
of shell. 
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Anatomic Considerations of the Intracranial Contents.—The cranium 
encloses and protects the brain, and its covering membranes, the meninges. 

The Meninges——The meninges consist of the dura mater, the arachnoid 
(pia arachnoid), and the pia mater; the latter two constitute the lepto- 
meninges (arachnopia). Cranial nerves and blood vessels pierce all three 
meninges. The dura mater is a tough fibrous membrane that lines the 
cranial cavity and sends out two processes, the falx cerebri, which partly 
partitions the two cerebral hemispheres; and the tentorium, which roofs 
the posterior cranial fossa excepting at the hiatus through which the brain 
stem passes. The falx cerebelli partly separates the two lateral portions 
of the cerebellum. The venous sinuses of the skull are actually of the 
dura, since it forms their outer coat. The arachnoid or “serous membrane” 





Fig. 479—Brain of female, age thirty-four years. Injection of right vertebral artery 
with lipiodol, showing circle of Willis and increased amount of lipiodol in smaller vessels of 
occipital lobe and cerebellum. 


is the middle of the three meninges, and is a gauzy reticulum of weblike 
delicacy, with its outer surface closely applied to the dura, and like the 
inner surface of the dura, it is covered with endothelium; and these two 
endothelial lined surfaces form the subdural space. The arachnoid is con- 
nected with the pia mater by means of delicate trabecula. The arachnoid 
envelops the brain like a sheet covering all inequalities of its surface. It 
does not dip into the various fissures and sulci, excepting at the anterior 
part of the longitudinal fissure and slightly into the lateral (sylvian). At 
the base of the brain there are the arachnoid cisternae. The pacchionian 
bodies are ovoid or spherical proliferations of arachnoid tissue which are 
termed “granulations” or “‘villi,” and are situated along the margin of the 
longitudinal sinus. The subarachnoid space is between the arachnoid and 
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Fig. 480.—Postmortem injection study of lipiodol into internal and external carotid arteries 
indicating rich arterial supply to the scalp and brain. (Wright, Greene and Smith.) 
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Fig. 481.—Postmortem w-ray of lipiodol-filled branches of the internal carotid artery in a child at 
birth, indicating the relative avascularity. (Wright, Greene and Smith.) 
422 


ANATOMIC CONSIDERATIONS OF THE INTRACRANIAL CONTENTS 4.23 


pia mater, and is filled with cerebrospinal fluid. The pia mater is a thin 
membrane which envelops and adheres closely to the brain, dipping into 
all the fissures, furrows and sulci. It is very vascular, and duplications of 
the pia which spread over the cavities of the third and fourth ventricles 
constitute the tela choroidea of these respective ventricles. 

The Middle Meningeal Artery—The middle meningeal artery is a 
branch of the external maxillary artery and enters the cranial cavity 
through the foramen spinosum. It passes upward and backward between 
the skull and dura in grooves in the bone, and divides into two branches, 
an anterior branch and a posterior branch. These two branches give off 
numerous smaller branches. 
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Fig. 482.—Postmortem studies of sinuses of the skull. Sinuse 
_ Greene and Smith.) 


The Cerebral Blood Supply—tThe arterial blood supply is through the 
circle of Willis, which is formed by the two internal carotid arteries and 
the basilar artery, which is formed by the union of the two vertebral 
arteries. The circle of Willis gives off the anterior, middle and posterior 
cerebral arteries as branches on each side. The middle cerebral artery 
courses in the sylvian fissure. The circle of Willis vessels supply the 
cerebrum, while the cerebellum is supplied by branches from the basilar 
and vertebral arteries. In the pia mater the arteries connect with each 
other in a superficial freely anastomosing plexus, and from this plexus arise 
branches which pierce the nerve substance directly and break up into ter- 
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minal twigs. The arterial capillary system arises from these terminal 
twigs and passes over into the venous capillary system from which cor- 
responding venous twigs are formed (Figs. 479, 480, 481, 482). 

The Venous Sinuses of the Skull—The venous sinuses are: the swpe- 
rior longitudinal sinus, which begins at the foramen caecum and extends to 
the torcular region, ending in the confluens sinuum; the inferior longitudinal 
sinus, which extends along the free border of the falx and ends at the ten- 
torium, where it takes the name of the “straight sinus” and continues to 
end in the sinus confluens; two large transverse or lateral sinuses, which 
pass horizontally and laterally, forward and downward along the trans- 
verse grooves to the jugular foramina; two large cavernous sinuses, which 
lie on each side of the sella turcica and divide into the small petrosal 
sinuses; and two inferior petrosal sinuses, which follow the petro-occipital 
suture and empty into the transverse sinus at the jugular foramen (Fig. 
482) . 

The Normal Cerebrospinal Fluid.—The normal cerebrospinal fluid is a 
crystal-clear, transparent, colorless fluid in the ventricles of the brain and 
filling the subarachnoid space. The normal volume in an adult is between 
100 and 150 ce. There is no sediment on standing, its reaction is alkaline, 
and it contains four to six small lymphocytes per centimeter. The experi- 
mental work of Cushing and the extirpation of the choroid plexus on one 
side in a patient prove rather conclusively that its source is from the 
choroid plexus. Spinal fluid is composed of 99.6 per cent water, and has a 
specific gravity between 1.007 and 1.008. It contains inorganic and organic 
material. Dextrose is present in amounts from 50 to 85 mg. per 100 cc., 
the calcium content is 5 mg. per 100 cc., and the chlorine content as 
sodium chloride is between 0.68 and 0.72 per cent. Urea and uric acid are 
present in small amounts but in direct ratio to the blood content of 
these two. The pressure of the spinal fluid for an adult in the horizontal 
position is between 110 and 140 mm. of water; and it goes up to 150 to 
300 mm. with the patient sitting in an erect position. The presence of 
blood cells in the spinal fluid is an important diagnostic point in acute 
injuries of the brain; while a yellow color of the fluid, xanthochromia, is 
indicative of the fact that the fluid contains blood pigments. 

Intracranial Physiology.—Intracranial physiology as related to head in- 
juries is concerned with the (a) circulation of the cerebrospinal fluid and 
(b) the pressure of the cerebrospinal fluid. 

The Circulation of the Cerebrospinal Fluid—Cushing has termed the 
circulation of the cerebrospinal fluid the “third circulation.” The spinal 
fluid is produced by the choroid plexus through a process of secretion, fil- 
tration or dialysis, and therefore is a dialysate, in whole or in part. It 
passes from the lateral ventricles via the foramen of Monro to the third 
ventricle, thence through the aqueduct of Sylvius to the fourth ventricle 
via the foramen of Magendie and the two foramina of Luschka into the 
subarachnoid space. It is generally believed to be absorbed by the arach- 
noid villi or pacchionian bodies into the venous sinuses. 

The Pressure of the Cerebrospinal Fluid—tIn the horizontal position 
the lumbar intraspinal pressure and intracranial pressure are equal. They 
vary between 100 and 150 mm. of water. In the upright position the intra- 
spinal pressure increases and the intracranial decreases, so that in the ver- 
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tical position there is actually a negative pressure within the skull, which 
varies from 150 to 300 mm. of water, and the intraspinal pressure is in- 
creased to about 300 mm. of water. In the vertical position the pressure 
in the cisterna magna is negative, and the zero point, where atmospheric 
pressure equals spinal fluid pressure, is about 50 mm. below this point. 

The cranium is rigid and the spinal dura is slightly distensible, so that 
the craniovertebral cavity should be considered as a whole in relationship 
to the physiology of the cerebral circulation and its relations to cerebral 
vascular pressures and spinal fluid pressures. The cerebral circulation can- 
not be likened to the flow of water through rigid tubes, in accordance with 
the law of physics alone, but superimposed upon the physical principles 
involved are the physiological adjustments of the vessel walls and the other 
intracranial contents. Fremont-Smith and Kubie point out that the vol- 
ume and pressure of the spinal fluid are maintained by a delicately bal- 
anced osmotic and hydrostatic equilibrium between the cerebrospinal fluid 
and venous blood. Jugular vein compression (Queckenstedt test) produces 
a rise in intracranial spinal fluid due to volume changes in the cerebral 
veins; the same cause produces the slight variations in the cerebrospinal 
pressure observed during respiration. The cerebrospinal fluid pressure 
is equal to or slightly below that of the cerebral veins. The pulsation 
of the cerebral arteries is lost in the capillaries of the brain due to the 
greatly increased total area of cross section. Therefore, marked variations 
in arterial pressure have but relatively slight effect on capillary pressure, 
while the exact reverse is true for veins. In the brain fluid exchange be- 
tween capillary blood and tissue spaces is governed by pressure changes 
on both sides of the capillary wall. 

Effect of Increased Intracranial Pressure on the Cerebral Circulation, 
or the So-called ‘‘Cushing Phenomenon.’’—Cushing, while observing the 
pial vessels through a trephine opening in the skull of a dog, noted that 
when intracranial pressure was increased the sagittal sinus was in collapse, 
and that there occurred distention and stasis of the tributary veins, ob- 
literation of the arteries and arterioles, and blanching of the cortex. Clin- 
ically this results only when there is a sudden and marked increase in 
intracranial pressure. Forbes and Wolff found that the cerebral circula- 
tion through the cerebral vessels is maintained with a moderate increase 
of intracranial pressure without any rise in the systemic arterial pressure, 
and is accompanied by dilatation of the cerebral arteries; and that when 
intracranial pressure is raised to a still greater height the cerebral circula- 
tion begins to fail. Accompanying this is a rise in systemic arterial pres- 
sure and the circulation to the brain is reestablished. This compensation 
may occur several times if the intracranial pressure is raised by steps. If 
the pressure becomes great enough to stop the circulation, the arteries 
become narrow and empty. Sudden release of high intracranial pressure 
brings about great dilatation of the pial arteries, due to a relaxation of 
their walls in turn due to partial asphyxia. Intracranial hemorrhage act- 
ing as a compressing force may cause an intracranial pressure which equals 
that of the diastolic pressure, without any resultant changes in systemic 
arterial pressure. But if the compressing force approaches that of systolic 
arterial pressure, there is always a rise in systemic arterial pressure due to 
reflex vasoconstriction in the splanchnic area and the extremities. 
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Volume Relationships, or the Weed-McKibben Modification of the 
Monro-Kellie Doctrine-—The Monro-Kellie doctrine postulates that the 
contents of the skull with its three elements—brain tissue, blood and fluid 
—must always remain the same in bulk; and that any increase in blood 
volume, for example, can take place only at the expense of the brain or 
spinal fluid. Cushing relates the watery effusion of the brain following great 
sanguineous depletion, as observed by Kellie a century ago, to the patho- 
logical condition of cerebral edema. This is ascribed by him to the fact 
that the brain is spongelike and, therefore, is more capable of taking up 
larger amounts of fluids with rapid increase in bulk than any other body 
tissue. Weed and McKibben introduced, and correctly so, the idea that 
the cranial cavity is not a rigid container, due to the elasticity of the 
spinal dura. Its contents are freed of external pressures; and subject only 
to internal pressures brought either by the blood stream or created by the 
activities of its own cells. The cranial cavity is, however, fixed in volume 
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Fig. 483.—No fracture of skull. Hematoma of scalp, the soft center and firm edge of which 
often simulate fracture. 


and is completely filled by brain, spinal fluid and blood; variations in any 
one of the three elements may occur, compensation being afforded by al- 
teration in the volume of one or both of the remaining elements. 
Pathology of Scalp Injuries.—Injuries of the soft tissues of the head 
consist of lacerations of the scalp, hematomas, and ecchymoses about one 
or both eyes and subconjunctival hemorrhages. The lacerations may be 
small or they may be so extensive as to be an avulsion of the scalp, al- 
though severe avulsions are usually not associated with serious acute 
brain injury. The force is spent on the scalp, and the soft tissues usually 
give way before any grave cerebral damage is done. Hematomata are im- 
portant in helping to localize the cerebral lesion, which is found diagonally 
opposite the hematoma (Fig. 483). A painstaking search for a bruise or 
hematoma of the scalp should be made because it ofttimes is an important 
clue. LeCount and Hockzema found at autopsy many spots of hemor- 
rhage in the deep layers of the scalp, which presented no external abrasion. 
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Pathological Physiology of Cerebral Concussion (Commotio Cerebri). 
—Cerebral concussion is chiefly a clinical term, associated with a history 
of head injury, unconsciousness, and results sometimes in death. Vance 
reported 139 cerebral concussion deaths in 512 necropsies, occurring within 
a few minutes to a few hours; and there was no demonstrable pathological 
basis. Miller experimentally found death from concussion to be immediate. 
The nonfatal variety has been associated with multiple petechial hemor- 
rhages by Martland as a cause of “punch drunk” (Fig. 484). Bulbar 
anemia is probably the cause of death in fatal cases. The seriousness of 
concussion depends, in addition to the severity of the trauma, upon the 
condition of the patient; because starvation, dehydration, alcoholism, ill- 
ness and senility require consideration. Greene, Smith and the author 





Fig. 484.—Shows circular outline of a vessel with single endothelial wall, surrounded by 
hemorrhage into perivascular lymph sheath and into adjoining brain substance. From a case 
of multiple petechial hemorrhages. (Cassasa.) 


pointed out that “unconsciousness of sufficient degree and duration to re- 
quire hospitalization has associated changes in the central nervous system, 
whether the latter are demonstrable or not.” The injury causes slight to 
marked neural damage largely of a molecular nature. It is not simply 
physiological because we see many postconcussional cases with a persist- 
ence of clinical symptoms over long periods of time. An amplification of 
Trotter’s excellent clinical description of concussion is: (1) mstantaneous 
onset, (2) paralytic nature of symptoms, (3) tendency to disappear spon- 
taneously, (4) history of head injury, (5) elimination of other factors such 
as alcohol, drugs and other diseases. Many cases clinically diagnosed as 
concussion have shown cortical atrophy on encephalograms taken months 
later. 
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Contusions of the Brain.—Contusions of the brain are bruises of the 
brain with a variable amount of hemorrhage in the subarachnoid space, 
and they exhibit a pink or bloody spinal fluid on lumbar puncture. Con- 
nors found the incidence less frequent than concussion and that the spinal 
fluid was less bloody than in brain laceration. The whole brain may be 
contused, with or without punctate hemorrhages. Subarachnoid hemor- 
rhage is present, but it is not always proportional to the degree of cerebral 
injury, and results either from the contusion of the brain or from rupture 
of the leptomeningeal vessels. Traumatic leptomeningeal hemorrhage in- 
cludes subpial and subarachnoid hemorrhage. Subpial hemorrhage is less 
in extent and results from tears of pial arteries and cortical vessels. The 





Fig. 485.—Oblique fracture of skull involving temporal and parietal bones. Glycosuria and 
hyperglycemia. Blood pressure 130/50. Spinal fluid pressure 130. Death caused by lobar 


pneumonia fifty-four hours after admission. Photograph of brain—postmortem—showing 
subarachnoid hemorrhage. 


usual nonfatal variety of subarachnoid hemorrhage is due to laceration of 
veins and capillaries. 

Lacerations of the Brain.—Brain laceration constitutes the most con- 
stant and important pathological finding in all serious cases of head in- 
jury. A concomitant leptomeningeal hemorrhage usually occurs, the spinal 
fluid being generally bloody (Fig. 485). Skull fracture may or may not 
be present, but usually is. Lacerations may be present at the point oppo- 
site the site of violent impact—the so-called “contrecoup laceration.” In 
a few instances the hemorrhage may be relatively slight. At autopsy the 
chief gross finding is the laceration with a rather large blood clot and evi- 
dence of cerebral compression from the clot. LeCount and Apfelbach noted 
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that the clot was larger the longer the patient lived due to a persistence 
of the bleeding. Connors and the writer noted that in extensive fatal 
lacerations, there was a tear in a cerebral artery or arteriole. Death re- 
sults in most instances from cerebral compression. 

Subcortical or Intracerebral Hemorrhages.—Traumatic hemorrhages 
into the brain substance are single or multiple extravasations of blood vary- 
ing in size from 1 mm. to 2 or more cm., or in unusual cases larger; and their 
occurrence is relatively infrequent. Smaller ones are most frequently seen 
in the pons, then the medulla, and are not infrequent about the aqueduct 
of Sylvius. They may be merely subcortical. If not associated with lacera- 
tion or contusion of the brain, the spinal fluid is clear. The larger ones 
are often solitary, while the smaller ones are invariably multiple. Pontine 
hemorrhage is frequently seen in fatal cases of occipital bone fracture. 

Histopathology of Brain Injuries——Multiple petechial hemorrhages were 
found by Cassasa to be hemorrhages into the perivascular lymph sheath 
and adjoining brain substance from laceration of thin-walled vessels (Fig. 
484). The vessel laceration he considers is due to a tearing of the fine 
fibrils connecting the external wall of the vessel with the brain tissue 
across the perivascular lymph space. These hemorrhages are related by 
him to cerebral concussion, and by Martland to “punch drunk.” Rand 
observed distention of the perivascular and pericellular spaces with cerebro- 
spinal fluid. 

Rand and Courville in: four brilliant histological studies of fatal cases 
in human beings confirmed:the extensive work of Cajal and his coworkers 
on the changes found in the central nervous system following experimental 
cerebral injury. Their essential findings may be summarized as follows: 
(1) Increased vacuolization of the epithelium of choroid plexus and epen- 
dyma, with edema in the stroma of the plexus, and pigment, probably 
hematoidin, in the epithelial vacuoles and stroma; and at times subepen- 
dymal edema was found. (2) Alterations in the microglia-transitional 
stages from normal microglia to mature phagocytes; early enlargement and 
vacuolation of the oligodendroglia with swelling of the oligodendroglia a 
few hours later; destruction of microglia, oligodendroglia along with nerve 
cells and neuroglia at margins of lacerations in severely contused areas; 
direct cell division of microglia and oligodendroglia found a few hours af- 
ter injury. (3) The reaction of the classic neuroglia was manifest by 
regressive changes in the astrocytes with the formation of ameboid glia 
in the zone adjacent to the zone of actual destruction, and beyond this 
zone active proliferation begins a few hours after injury; double nucleated 
forms indicate direct cell division; gliosis occurs only as a result of tissue 
destruction, and it is never general but purely local and results in the 
formation of a glial scar. (4) Interruption of nerve fibers was found, 
by specific impregnation methods, with the formation of end-bulbs on 
proximal and distal segments: the proximal end-bulbs are more complex 
and short-lived—appearing on the fine fibrils within two hours after in- 
jury, and shortly later on the medium-sized and large fibers, and reach 
the height of development in four days; the end-bulbs on the proximal 
end of the distal segment become detached and fall off in two days and 
ultimately disappear; the distal segment undergoes granular, fragmentary 
and vacuolar degeneration, leading finally to a disappearance of the axis- 
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cylinder; and the myelin sheath also undergoes degeneration. Combined 
fragmentary and preservation necrosis was observed in the local injuries 
associated with hemorrhagic extravasations. Rand and Courville at- 
tempted to clear up the question of cerebral edema, but the evidence is 
inconclusive. 

Jefferson found the chief histological finding in cases that survive to 
the second or third day to be edema; a dilatation of the perivascular 
sheaths and an actual pericellular edema. Ferraro and Davidoff noted 
chiefly an acute swelling of the oligodendroglia. The so-called “plaques 
jaunes,” according to Kaufman, are composed of a fine fibrous tissue net- 





Fig. 486.—Extradural hemorrhage with cerebral compression. Fracture of skull. Death 
at end of seven hours. Spinal fluid clear. Spinal fluid pressure 245 mm. of mercury. Blood 
sugar on admission 180 mg. Blood pressure one hour before death 224 systolic, 110 diastolic. 
Bleeding from both ears. Pulmonary edema two hours before death. No localizing signs, only 
general muscular twitchings. Positive Babinski on both sides. 


work in which calcified ganglion cells and granular and crystalline blood 
pigments are present. The histopathological changes following brain in- 
jury have been found to affect all of the component elements of the brain 
substance, which explain many of the clinical findings that occur late. A 
widespread interruption of the cerebral nerve and supporting tissue net- 
work usually causes death. 

Extradural Hemorrhage (Epidural Hemorrhage, Intermeningeal Hem- 
orrhage) —Extradural hemorrhage is hemorrhage between the skull and 
the dura, usually due to laceration of the middle meningeal artery, al- 
though occasionally rupture of a large venous sinus may be the cause. 
The sharp edge of the bone cuts the vessel wall. The importance of im- 
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mediate and correct diagnosis cannot be overestimated because it can be 
cured by operation. In uncomplicated cases the spinal fluid is clear. The 
vessel is torn at the point of intersection of the artery and the fracture, 
and as pointed out by Dandy, stripping of the dura from the bone lacerates 
many tiny branches which in turn bleed and thus progressively increase 
the amount of hemorrhage (Figs. 486, 487). 

Postmortem studies show that the clinical “interval of consciousness” 
or the so-called “lucid interval” is of relatively infrequent occurrence; it 
was noted in 10 per cent of my fatal epidural hemorrhage cases. It is an 
extremely valuable clue when present. Combined intradural and extra- 
dural hemorrhage is the rule, and clinically the unconsciousness of con- 
cussion may be continued over into the coma of compression. Epidural 
hemorrhage when uncomplicated is the best example of pure cerebral com- 
pression. Bone comminution discovered in an x-ray over a middle men- 
ingeal arterial groove should immediately arouse suspicion of a possible 
extradural hemorrhage. 





Fig. 487.—Fracture of skull, middle meningeal hemorrhage. Extradural blood clot. (After 
Helferich.) 


Subdural Hemorrhage, Subacute and Chronic Subdural Hematoma.— 
Subdural hemorrhage is hemorrhage into the subdural space. Up until 
very recently the term “subdural hemorrhage” was used to connote any 
type of intradural hemorrhage. Differentiation is important because if 
subdural hemorrhage is diagnosed or suspected it can be cured by opera- 
tion. It is due to a rupture of one or more of the veins that pass from the 
cortex to the superior longitudinal sinus. In this country interest in chronic 
subdural hematoma was greatly stimulated by the work of Cushing and 
Putnam. Later Greene, Smith and the author described traumatic sub- 
acute subdural hematoma. It was left to Leary’s brilliant researches to 
describe the acute stage and to show that it was what Virchow many years 
ago called “pachymeningitis haemorrhagica interna.” A history of acute 
or chronic alcoholism may be present. The hemorrhages are often uni- 
lateral, but may be bilateral. Leary found significant subdural hemor- 
rhages in 10 per cent of several hundred fatal head injury cases. The head 
trauma may be very mild, and in the great majority of cases there is no 
associated skull fracture. Repeated secondary hemorrhages are respon- 
sible for the chronic types. Death is due to cerebral compression. Grant 
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noted that the violence must be applied in the anteroposterior direction 
because in this direction displacement of the cerebral mass is not opposed 
by the falx. If not immediately fatal the blood clot may break down and 
liquefy forming a subdural cyst. The blood in the subacute and chronic 
types is dark red in color and the membranes are greenish. 

Traumatic Cerebral Compression.—Traumatic cerebral compression is 
a most constant pathological finding in brain injury cases, and in my opin- 
ion results from intracranial hemorrhage, although many authorities con- 
sider cerebral edema to be a competent producing cause. Its pathological 
physiology is directly related to the Monro-Kellie doctrine or what Fay 
terms “volume relationships.’ Fluids according to the laws of physics are 
incompressible, and the brain is essentially incompressible, because its bulk 
can only be reduced by fluid component loss. Hemorrhage within the skull 
can occur only at the expense of one of the fluid elements within the 
cranial cavity, either the blood volume, spinal fluid or brain tissue fluids. 
Cerebral compression may be localized, producing focal symptoms such as 
paralysis; but it may be, and often is, generalized. Generalized compres- 
sion may follow localized compression. The symptoms of generalized com- 
pression are due to cerebral anemia rather than nervous tissue compres- 
sion—Cushing’s phenomenon. With a gradual increase in compression there 
may be several stages of compensation which it is possible to detect clin- 
ically; for example, slowing of the pulse with a rise in systolic blood pres- 
sure results from a continued increase in intracranial pressure. Stertorous 
respirations appear and when the cerebral compensatory mechanism finally 
breaks pulmonary edema develops. These are characteristic clinical man- 
ifestations of the functional pathological processes involved. 

Traumatic Cerebral Edema.—lt is generally taught that acute general- 
ized edema of the brain is a rather constant accompaniment of acute 
cranial injuries and may cause death per se, due to increased intracranial 
pressure. This is a matter of importance because many modern concepts 
of treatment by means of hypertonic solutions and spinal drainage are 
based on this idea. The explanation given is that blood cells, freed from 
the lacerated vessels by the trauma, plug, and by compression from with- 
out on the pacchionian granulations and arachnoid villi, also prevent to- 
tally or partially the escape of cerebrospinal fluid into the venous sinuses; 
and the resultant back-pressure on the brain of the spinal fluid produces 
increased intracranial tension and cerebral edema. This mechanism may 
work in some instances, but there are many fatal cases that exhibit a pri- 
mary and immediate hypotension as described by Leriche, and I have 
observed shrunken brains at operation and autopsy. The convolutions of 
the brain are not flattened in these cases like the flattening observed in 
generalized cerebral edema following infections or neoplasms. Chronic al- 
coholics exhibit a wet brain as a rather constant finding. An increase in 
the amount of circulating fluid has been reported and Rand and Courville 
found edema of the choroid plexus. It is my opinion that traumatic cer- 
ebral edema is not a death-producing factor in these cases, and if death 
does occur, it occurs forty-eight or more hours after injury. Brain lacera- 
tion and hemorrhage satisfactorily explain death in every fatal case that 
I have seen. No one denies the existence of small areas of edema about 
all lacerations and contusions, but other factors also have to be considered 
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such as alcoholism, traumatic shock, hydration or dehydration of the pa- 
tient, and systemic diseases. Correlation of much existing data apparently 
contradictory is necessary finally to settle the question of the exact role, 
if any, played by traumatic cerebral edema. 

Pneumocephalus (Pneumocerebrum, Intracranial Pneumocele, Intra- 
cranial Aerocele).—Pneumocephalus is the presence of air within the 
cranial cavity and is always associated with cranial fracture (Fig. 488). 





Fig. 488.—Intracranial aerocele following linear fracture of the frontal bone. Attempted 
drainage of septic intracranial focus did not prevent death from meningitis. Arrow points to 
aerocele. (Porter, Scudder, and Holmes.) 


The fracture is usually through the cribriform plate, the dura is torn and 
spinal fluid escapes from the nose. The first recorded case was observed 
at Harlem Hospital by the late Dr. William H. Luckett. The air may 
reach and fill a ventricle. The diagnosis is made by v-ray. The dangers 
are cerebral compression and infection. Some cases clear up spontane- 
ously, while others persist, and require a closure of the opening in the dura. 


28 
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Associated Injuries. Injuries in Addition to the Cerebral Injury—In 
1771 consecutive cases at Harlem Hospital, associated injuries were present 
in 94 instances, and of these 71 died, or 74.5 per cent: in some of these 
cases the associated injury was the cause of death, while in others it was 
a combination of the associated injury and the cerebral injury. 

Fracture —Fracture of the femur is the most common associated lesion, 
after which their frequency is in the order named: fracture of the man- 
dible, tibia and fibula, humerus, pelvis, spine, ribs, radus and ulna, clav- 
icle and patella. 

Intra-abdominal Lesions—These are uncommon as there were only 5 
ruptured spleens, 3 ruptures of the liver, 3 lacerations of the lung, 1 lacera- 
tion of the heart and 1 rupture of the bladder. 

Traumatic Shock——Shock upon arrival on the ward was present in 
1062 cases or 60 per cent. Alcoholism obscures the diagnosis of shock. 
Acute remote hemorrhage associated with shock is very rare. 

Pulmonary edema is present in practically all fatal cases just before 
death, and when seen indicates an almost certain fatal outcome—I have 
seen only 1 case recover. 

Signs and Symptoms of Concussion.—The usual case of concussion 
when seen early is unconscious, and there is muscular atony, absent re- 
flexes, and a cessation of all body functions excepting pulse and respiration. 
The milder cases as a rule do not come to the hospital, and they are only 
momentarily unconscious. All cases give a history of head injury. A 
laceration or hematoma of the scalp is present in most cases. Some cases 
diagnosed as mild concussion show when z-rayed a fracture of the skull— 
the so-called “symptomless fractured skull.” The period of unconscious- 
ness varies widely. It may last only a few seconds, or it may last for one 
or more hours. Usually it lasts a few minutes at most in uncomplicated 
cases. From the mild cases exhibiting only a temporary unconsciousness 
representing one extreme, there is at the other extreme the cases that go 
on to rapid death with all the signs and symptoms of severe shock and 
rapidly progressive cerebral compression. Rapid death may ensue, with 
only the symptoms of shock and coma, without any signs of cerebral com- 
pression. Victims of the fatal forms of pure concussion die before they 
can be brought in to a hospital. The coma of concussion may be and 
often is continuous with the coma of cerebral compression; ofttimes it is 
impossible to say when the one ends and the other begins. A deepening 
of coma, irrespective of the cause, is a grave prognostic sign. The spinal 
fluid is clear and w-ray is negative in uncomplicated cases. Concussion is 
a feature of all serious head injuries. Acute alcoholism often masks the 
symptoms; so much so that one is led many times to believe the patient 
is more seriously injured than he actually is. 

Signs and Symptoms of Intracranial Injury, Including Skull Frac- 
tures, Intracranial Hemorrhage and Brain Laceration.—l. Traumatic 
Shock.—Shock, although present in the mild forms of acute cerebral in- 
jury, is not particularly noteworthy; while in the moderately severe and 
very serious cases it dominates the clinical picture at the initial examina- 
tion. The patient may or may not be in coma, the skin is pale, cold and 
clammy, the pulse is rapid, weak and thready, the temperature is subnor- 
mal, respirations are shallow and the blood pressure is low. Leukocytosis of 
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from 9000 to 15,000 white blood corpuscles is present and the pressure 
of the spinal fluid is much lower than it would be otherwise. The picture 
is that of a loss of vascular tone and a disturbance of blood volume. Com- 
plicating the syndrome of shock there are superimposed the signs and 
symptoms of cerebral injury, which make an interpretation of the early 
symptoms extremely difficult; for example, the pulse may be slow and full, 
respirations may be deep and stertorous, and the blood pressure may be 
raised—all due to a coexisting cerebral compression in a patient in shock. 
In shock and concussion the superficial reflexes disappear first and return 
last, while the opposite is true with the deep reflexes. The patient, if he 
does not die, may recover from moderate degrees of shock in two or three 
hours; while in very serious cases it may last as long as twelve hours. 

2. Unconsciousness and Semiconsciousness—Disturbance of conscious- 
ness is a very characteristic sign. It varies from the fleeting momentary 
unconsciousness of mild concussion to deep coma. Most cases are con- 
scious upon arrival at the hospital, and the majority of patients that are 
conscious when they reach the ward recover. In 1771 proved cranial or 
intracranial injury cases, exclusive of cases of pure concussion, there were 
470 that were unconscious on admission, and 324 of these patients died; 
while 46 patients died who were conscious upon admission. Semiconscious- 
ness was observed 580 times: which makes a total of 1050 cases that ex- 
hibited a disturbance of consciousness. Some of these cases were really 
in coma due to alcoholism; alcohol often masks the early symptoms and 
thus prevents accuracy in the evaluation of early signs and symptoms. The 
period of unconsciousness varies from a few minutes to two weeks; in the 
nonfatal cases it generally clears up within twelve hours, although patients 
may remain unconscious for several days and get well. A patient may 
become unconscious while on the ward—a most serious sign. Any increase 
in the degree of unconsciousness is indisputable evidence that the patient 
is worse. Semiconscious patients may be dazed, stuporous or disoriented. 
Temporary retrograde amnesia occurs frequently. Mental excitation is not 
infrequent: it may be due to the injury alone, alcohol alone or to both. 
Most conscious and semiconscious patients exhibit to a certain extent 
restlessness, developing in a few instances into traumatic delirium. Trau- 
matic delirium is an absolute indication that the patient is growing pro- 
gressively worse: here too alcohol may cloud the picture. The so-called 
“lucid interval’ is where a patient is unconscious, regains consciousness, 
and then later becomes again unconscious; it is of rather rare occurrence, 
but when seen it is characteristic of extradural hemorrhage. It is not an 
absolute sign because I have occasionally observed it in cases of subdural 
and subarachnoid hemorrhage. 

3. The Pulse Rate—The pulse rate is not a very dependable guide be- 
cause it varies widely and frequently in the same patient. Many patients 
exhibit the early rapid weak pulse from shock, and in many fatal cases it 
persists until death. Alcohol causes an increase in the pulse rate: but it 
is usually full and bounding. Early bradycardia is caused by vagus stim- 
ulation, and indicates a grave prognosis; although a late moderate slowing 
of the pulse is of frequent occurrence, and it may last for one or two weeks 
and is of no untoward significance. Electrocardiographic studies in over 
200 cerebral injury cases were made by me in an effort to evaluate the 
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pulse findings. They showed sinus arrhythmia, sinus tachycardia and 
sinus bradycardia: but there was nothing sufficiently characteristic to 
warrant a continuation of these studies. The consensus is that in all 
serious cases the pulse rate should be recorded every fifteen minutes dur- 
ing the acute stage. This is sometimes valuable in cases of slow cerebral 
compression due to an extradural or subdural hemorrhage. After the 
period of shock is over, the pulse is usually slow and of good tension in 
the presence of compensated cerebral compression, the slowness gradually 
increases, and, as compression lessens, returns to normal. If compression 
is great enough to cause medullary anemia—Cushing’s phenomenon—and 
the bulbar centers fail, the pulse becomes rapid, easily compressible and 
filiform: this is of grave omen. The pulse should be interpreted in con- 
junction with all other findings. 

4. The Temperature—Cerebral injury per se in most instances ex- 
hibits a temperature that ranges from 99° to 102° F. It may be subnormal 
from shock. Serious injury caused by brain laceration may show an ex- 
tremely high temperature very early, as high as 106° F. Early fever may 
be a sign of brain laceration. In the average nonfatal case the temperature 
remains slightly elevated for a week or ten days and then returns to normal. 
Marked variations in temperature may occur within the first few hours; 
many fatal cases even in the absence of infection develop a high fever 
just before death. A rise in temperature is considered by some writers as 
an indication of increasing intracranial pressure, but this is not true. A 
temperature above 102° F. after the first twenty-four hours is often due 
to infection, such as pneumonia or meningitis, and not to the cerebral 
lesion. A terminal hypostatic pneumonia and meningitis are the two most 
dreaded complications. Their onset is usually thirty-six to forty-eight 
hours after injury, and they cause marked rises in temperature. Fever 
may be absent in some cases of pneumonia. Children may carry a high 
fever and survive, while adults with high fever usually die. 

5. The Respiration—The respiratory rate generally follows the pulse 
rate and in the same direction. Embarrassed respiration is a common sign 
m serious cases. Many unconscious patients have stertorous respiration 
on admission to the hospital. Medullary irritation increases the respiratory 
rate, while prolonged anemia of the medulla, from cerebral compression, 
slows the rate. Sometimes the respirations are shallow and feeble. Shock 
causes shallow respirations. The effects of the brain injury itself on res- 
piration may be combined with the respiratory changes of shock. A 
respiratory rate below 16 respirations per minute indicates serious cerebral 
compression. Respiratory rates above 30 per minute effect overventilation 
of the lungs, with a loss of carbon dioxide, an essential respiratory stim- 
ulant. Cheyne-Stokes respiration, when seen, is of very serious import, 
although I have seen patients have it and recover. Pulmonary edema 
develops in most fatal cases just before the end; it may be associated with 
slow deep respirations or shallow rapid breathing. 

6. The Blood Pressure ——The blood pressure presents marked and rapid 
variations. It may range from zero in a patient in extreme shock to 300 
mm. Hg. In uncomplicated cases as intracranial pressure increases there 
is a rise in blood pressure. In very serious cases readings should be made 
and recorded every twenty minutes, because if interpreted in conjunction 
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with all other signs and symptoms, it may prove of help in some instances. 
One should not put dependence on blood pressure readings alone as a guide 
to treatment. 

A 7. Vomiting —Vomiting is a frequently mentioned symptom of cerebral 
injury but in my experience it is uncommon. Most of the vomiting that 
I have seen has been the result of alcoholism. Cerebral injury can and 
does cause vomiting if intracranial pressure is high, but only when the 
pressure or irritation is localized early about the vomiting center. It is 
an irritative phenomenon because it ceases in cases of marked compression 
of the brain. Rarely it may be projectile in type. In a given case one can 
never be quite sure that the vomiting is due to brain injury, and not to 
other causes. 

8. Involuntary Micturition—Urinary incontinence is a frequent and 
important sign of cerebral injury. It is present in most fatal cases that 
live for more than one or two hours. Its absence is a favorable sign, and 
its development in nonalcoholic patients indicates that the patient is get- 
ting worse. It is often seen in simple cases of acute alcoholism; and in 
these cases it is important to note whether it continues after the effect of 
the alcohol has worn off. The beds of these patients are wet. Conversely, 
if a patient regains control of his bladder, it indicates improvement. I 
have never seen incontinence of feces in an uncomplicated cerebral in- 
jury case. 

9. Headache—Headache is a common symptom that is present in 
slight as well as serious injuries. It may be entirely absent and, if present, 
it varies in duration and intensity. In some cases it is caused by the acute 
rise in intracranial pressure, while in other cases the mechanism of its 
production is not clearly understood. The pain fibers to the skull and 
brain follow blood vessels. 

10. Mental Irritability —Irritability is occasionally seen early in these 
cases, but most commonly it is a late effect. The trauma renders the 
sensorium of some patients more sensitive to stimulation. 

11. Retrograde Amnesia—Many of these patients cannot remember 
what happened before their injury, but in many instances memory returns. 

12. Neck Rigidity—Rigidity of the neck is seen in a few instances of 
cerebral injury, in the absence of meningitis. Some observers think it an 
important sign; I do not. Battle’s sign, which is discoloration of the skin 
along the sternomastoid muscle, below the tip of the mastoid, is sometimes 
present in these cases. 

Special Neurological Signs of Focal Cerebral Injury.—l. Paralysis — 
Paralysis is the most important and constant localizing sign of acute brain 
injury. It may be a hemiplegia, hemiparesis, or a monoplegia; any of which 
may result from brain laceration or a localized compressing blood clot. 
Careful record should be made of when and where it starts, its manner of 
spread, and its degree. In cases of penetrating wounds the paralysis may 
remain sharply localized. If hemorrhage is the basis, it is usually pro- 
gressive, extending, for example, from the face to the arm and then to 
the leg. Hemiparesis is at times difficult to detect in unconscious patients. 
Occasionally the paralysis may be on the same side as the injury; the pres- 
sure from a clot on one side may be so transmitted that it affects the 
opposite side. I have seen this in two cases of epidural hemorrhage. 
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Cranial nerve paralysis is common; it may be central in origin or 
peripheral: the central involvement is preponderatingly more frequent. 
For example, the facial nerve nucleus may be injured with resulting paral- 
ysis, or the nerve may be injured, as it occasionally is, in its transit through 
the temporal bone. The facial nerve palsies equal in frequency the sum 
total of all the other cranial nerve paralyses. After the facial nerve 
paralyses in frequency come the paralyses of the third, fourth, sixth, eighth, 
first and second cranial nerves in the order named; causing thereby deatf- 
ness, strabismus, eyelid ptosis or blindness, according to the particular 
nerve or nerves involved. 

Aphasia is an important localizing sign; and it may be motor or sen- 
sory; and a patient may seem to be semiconscious when he is actually 
aphasic—in such cases a strong painful stimulus, such as supra-orbital pres- 
sure, will help in the differentiation. Dementia paralytica is seen in some 
fatal cases just before death. A careful and complete neurological exam- 
ination should be made and recorded in every case, and subsequent neuro- 
logical reexaminations are indicated according to the progress of each case 
individually. 

2. Convulsions —Convulsions are not uncommon; and the patient may 
have one attack, a few attacks, or repeated attacks with short time in- 
tervals. Convulsions were noted in 126 patients in the Harlem Hospital 
series; and of these 89 died. They are caused by pressure from a hemor- 
rhage directly or indirectly on the rolandic area, although occasionally the 
lesion may be subcortical. Convulsions indicate a localized lesion because 
they are usually jacksonian in type. They may be confined to the face, 
arm or leg or, as is most common, they begin in one part and then become 
general. The attacks may be mild or severe. Consciousness may or may 
not be present. The head is turned away from the side of the lesion. In 
epidural hemorrhage, progressive paralysis beginning with the face, then 
arm and leg, is seen at times. This is due to the fact that the hemorrhage 
begins at the skull base and spreads upward. Localized muscular twitches 
or tremors may be observed. 

3. Pupillary and Other Eye Signs—The changes in the pupils are the 
most important and most common of all eye signs. Blakeslee made an 
especially comprehensive study in 1929 at Harlem Hospital of 595 cases, 
and he showed that “the mortality was 95 per cent in patients exhibiting 
bilateral dilated and widely fixed pupils, while it was 50 per cent with a 
unilateral fixed dilated pupil.” A. unilateral dilated pupil usually is found 
on the same side as the lesion, but the reverse may and does occur. The 
pupillary signs are not absolute, and may show many and rapid changes 
in the same patient. Ecchymoses and subconjunctival hemorrhages of one 
or both eyes are seen in about one half of all cases. Nystagmus is not com- 
mon but is seen occasionally. Papillitis is rare and choked disk is very 
rare; both may occur after one or more days. 

4. Reflexes—Abnormal reflexes are present in all serious cases of acute 
brain injury, varying according to the site of the lesion. They vary widely 
and at times rapidly in the same patient. Often they fit perfectly into 
the picture when summed up neurologically. They should be always care- 
fully studied and recorded. The Babinski reflex in particular shows many 
unexpected and frequent changes; while the abdominal and cremasteric re- 
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flexes are often absent. A persistent bilateral Babinski reflex may indicate 
the presence of the so-called “longitudinal sinus syndrome.” This is caused 
by laceration of the longitudinal sinus and bilateral compression of the leg 
motor areas of each hemisphere with resultant paraplegia. Extradural 
hemorrhage exhibits exaggerated reflexes; at times it is associated with 
convulsions. The value of intelligent and constant neurological scrutiny 
of each case cannot be overemphasized. 

Objective Signs That May Be Present in Acute Brain Injury.— 
1. Lacerations, Contusions and Hematomas of the Scalp—Objective signs 
are present in most of the serious cases of intracranial injury; they vary in 
number, extent and degree, and are due to the violence itself. They are 
important because they furnish a clue as to the nature and direction of 
the force, thus aiding in localizing the lesion. Contrecoup brain laceration 
and hemorrhage are found opposite the point of skull impact. A careful 
inspection and diligent search for a small hematoma of the scalp are im- 
portant for the above-mentioned reasons. I have seen many cases wrongly 
diagnosed as to the site of the lesion because this was not done. 

2. Bleeding from One or Both Ears—Hemorrhage from one or both 
ears is almost an absolute sign of skull fracture. I have seen 4 cases where 
it was due to coexisting pathology in the external or middle ear, and not 
to the trauma. The fracture involves the temporal bone, and the tympanic 
membrane is also ruptured. Gurdjian reports aural bleeding in 476 of 2600 
cases; the mortality where the bleeding was from both ears was 67.3 per 
cent, and 37.5 per cent when it was from only one ear. A fracture of the 
temporal bone may also lacerate the lateral sinus and the patient rapidly 
bleed to death via the external auditory meatus. Mastoiditis is the com- 
plication to keep in mind in all cases of ear bleeding, although it is rare— 
I have seen 3 cases. Mastoiditis may be operated on successfully. 

3. Otorrhea of Cerebrospinal Fluid—The escape of spinal fluid from 
one or both ears makes an absolute diagnosis of temporal bone fracture 
with dural laceration. In some instances it may not be recognized because 
the spinal fluid is mixed with blood. Obviously, meningitis is the compli- 
cation to fear and guard against. 

4. Bleeding from the Nose and Throat—Hemorrhage from the nose 
and throat is commonly present in cases of head injuries. Blood in the 
mouth and throat should be removed at once, so as to prevent pneumonia 
as a complication. Blood in the trachea and bronchi may simulate pneu- 
monia, and give auscultatory signs simulating pulmonary edema. Oral 
hemorrhage at times results from fracture of the mandible coexisting with 
the cerebral injury. 

5. Rhinorrhea of Cerebrospinal Fluid—The escape of cerebrospinal 
fluid from the nose is caused by a fracture of the cribriform plate with 
dural laceration. The chief danger is meningitis, although when it occurs 
one should be on the lookout for pneumocephalus and the latter can be 
determined by a-ray. 

Special Procedures and Examinations.—1. Lumbar Puncture——There 
are two schools of thought on the indications for and the desirability of 
lumbar puncture in cases of acute cerebral injury. Opponents to its use 
fear possible death from compression of the medulla resulting from brain 
herniation through the foramen magnum due to a sudden decrease in intra- 
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cranial pressure. It is my opinion that lumbar puncture when performed 
early and solely for purposes of diagnosis, is devoid of danger because the 
same physiological conditions are not operative in these cases as those 
present in pathological conditions of the brain. I have not seen a single 
death on my service that could be ascribed to lumbar puncture in over 
4000 spinal taps. Shatara performed lumbar puncture in over 500 cases 
without a mishap. It is assumed that the puncture is carefully and intelli- 
gently performed. The information obtained for diagnostic purposes far 
outweighs its theoretical dangers. It is used by me routinely on all actual 
or suspected cases of acute head injury for diagnosis. It should be used 
therapeutically only after one is sure that all intracranial bleeding has 
ceased and that a secondary hemorrhage is not likely to be provoked by 
its use; that is, in cases only five to seven days after injury. 

2. Cisternal Puncture—Puncture of the cisterna magna is only men- 
tioned to be condemned. No information of extra value is obtained and 
its dangers far outweigh its worth. 

3. Spinal Fluid Pressure Determinations—Manometric determinations 
of the spinal fluid pressure are of little or no value either for purposes of 
diagnosis or prognosis, because of the many and wide alterations found. 
Early readings, those within the first twenty-four hours of injury, are 
termed “primary”; while those made after twenty-four hours are termed 
“secondary.” Cases upon admission may show a “primary hypertension” 
of the fluid, a normal pressure reading, or a “primary hypotension.” Some 
cases in shock will show a primary hypotension and after the period of 
shock has passed, the pressure returns to normal and vice versa. Marked 
dehydration causes a lower pressure reading—but this is not the main 
factor in producing these variations. The main factor is the cerebral 
injury. 

4. Red Cell Counts of the Spinal Fluid—aActual counts of the number 
of red blood cells found in the spinal fluid should be made routinely and 
recorded, rather than recording that the fluid is “clear,” “pink” or “bloody.” 
A red cell count is made immediately upon admission of the patient to 
the ward, and a second count is made eight to twenty-four hours after 
the first. This is termed a “double red cell count.” In over 1000 consecu- 
tive cases I have found in general that the higher the red cell count, the 
more serious the injury and vice versa. The exceptions to this rule are 
cases of uncomplicated epidural hemorrhage, subdural hemorrhage and 
subcortical hemorrhages. In these cases the red cell count remains per- 
sistently low, averaging 1000 red blood cells or less. A fracture line cross- 
ing the grooves of the middle meningeal artery with a low count should 
make one suspect an extradural hemorrhage; while a serious injury, with 
a low count in the absence of fracture, is highly indicative of subdural or 
subcortical hemorrhage. Low initial counts may be caused by shock, be- 
cause in many instances the injury has interfered with the circulation of 
the spinal fluid and there is a lessened diffusion of the cells. If there are 
no red cells in the spinal fluid on two examinations, and x-ray examination 
reveals no fracture, the case is not considered one of cerebral injury. 

5. «Ray Exvamination—Roentgen examination of the skull in these 
cases is most important, and should be made in all instances. Our routine 
is to have a-rays made while the patient is in transit from the admission 
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office to the wards, unless he is in a state of very deep shock. Unconscious 
patients must be handled with extreme gentleness, and exposures made 
rapidly by one skilled in taking roentgenograms of the cranium. The diag- 
nosis of fractured skull can be made in living persons with certainty only 
by means of roentgen examination, except in cases of compound depressed 
fracture or penetrating wounds where it is possible to see the fracture 
directly. Stereoscopic plates should be made in each case, and it is ad- 
visable to take views of frontal, occipital and the two lateral walls of the 
skull, making eight films in all. Except in very mild clinical cases it is 
not wise to make a roentgenogram of the base of the skull because it is 
too dangerous. Most basal fractures extend upward onto one of the lateral 
walls for a sufficient distance for detection in the average eight-film study. 
Flat plates are unsatisfactory, because it is impossible to get a clear con- 
cept of the fracture if found, and too it is impossible in many instances 
to differentiate suture lines and vessel markings from fractures. a-Ray 
examinations will reveal many asymptomatic fractures in cases where none 
is suspected, and this may be important legally. Comminution of a frac- 
ture over a groove of the middle meningeal artery should put one on the 
lookout for an epidural hemorrhage. 

6. Red and White Blood Cell Counts—A careful initial count of the 
red and white blood cells should be made in all cases and recorded. The 
red cell count in the average case is slightly below normal, while a severe 
anemia may be present if there is an associated injury. The white cell 
count ranges from 9000 to 11,000 in the average nonfatal case, while in 
fatal cases the range is between 10,000 and 15,000 cells per centimeter. 
Leukocytosis is stressed by Moody as being indicative of a possible extra- 
dural hemorrhage, and it is also often a sign of internal hemorrhage, and 
would necessarily be present if there has been marked hemorrhage from 
an external associated injury. Leukocytosis occurring after twenty-four 
or forty-eight hours is indicative of infection in the absence of obvious 
hemorrhage. The red and white cell counts are of value only when studied 
in conjunction with all of the other findings. 

7. Urinalysis —Examination of the urine is an important routine pro- 
cedure. A transient glycosuria is often present in the more severely in- 
jured cases. The mortality is much higher in patients exhibiting glucose 
in the urine than in those that do not. Acetone is sometimes present with 
or without glucose and has the same significance. Other concurrent patho- 
logical conditions or associated injury to the urimary tract may be dis- 
covered by urine examination. 

8. Blood Chenustry—It is advisable when practical to have routine 
blood chemical determinations on all unconscious patients, because of their 
value in differential diagnosis. Repeated blood sugar determinations 
should be made every two hours, in all cases showing an initial hyper- 
glycemia. A transient hyperglycemia, that rapidly disappears, indicates 
possible improvement, while, if it persists, the prognosis is grave. High 
urea nitrogen and creatinine figures indicate, if cerebral injury is present, 
coexistent renal disease. 

Summary of Diagnostic Signs and Symptoms.—The signs and symp- 
toms of acute craniocerebral injury may, for convenience, be divided into: 
(1) Positive signs. (2) Probable signs. (3) Presumptive signs and symp- 
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toms. The positive signs are: (1) a-Ray positive for skull fracture. Pneu- 
mocephalus. (2) Direct visualization of fracture; compound fractures, 
fractures seen at operation. (3) Escape of cerebrospinal fluid from ear 
or nose. The probable signs are: (1) Bleeding from one or both ears. 
(2) Blood in the cerebrospinal fluid. The presumptive signs and symp- 
toms are: (1) History of head trauma. (2) Unconsciousness or a history 
of unconsciousness. (3) Paralyses; paralysis of cranial nerve or nerves, 
monoplegia, hemiplegia or paraplegia. (4) Convulsions. (5) Abnormal 
reflexes. (6) Traumatic delirium, and other mental changes. 

How to Make Diagnosis of Acute Brain Injury.—The following routine 
procedures are used by me in making a diagnosis: (1) A careful history, 
if obtainable. (2) a-Ray of patient if not in shock. (3) Immediate ex- 
amination of patient by myself or a member of my staff, irrespective of 
the hour of day or night, if unconscious or seriously ill in any way. 
Careful head inspection may reveal a compound fracture, and a scalp 
hematoma, although inconspicuous, may aid in localizing a contrecoup 
laceration. (4) Spinal tap upon admission with a red cell count of the 
spinal fluid, and this is repeated within eight to twenty-four hours. Red 
cells in the spinal fluid with x-rays negative make a tentative diagnosis of 
intracranial injury without skull fracture. If vray is positive, the number 
of red blood cells in the spinal fluid gives a fair index of the degree of sub- 
arachnoid hemorrhage. (5) Second spinal tap; if both spinal fluid spec- 
imens have been devoid of red blood cells and a-rays are negative, in the 
absence of other clinical evidence the case is not considered to be one of 
head injury. (6) Study patient for the development of presumptive signs 
and symptoms. (7) Readings of the spinal fluid pressure are made but 
they are not of much importance. A marked primary hypotension makes 
the prognosis grave in a proved case of cerebral injury. (8) Red and 
white blood counts and urinalysis in all cases. A complete blood chem- 
istry on all unconscious patients. Blood Wassermann on all patients, and 
spinal fluid Wassermann if the fluid is clear. (9) A careful examination 
for associated injury or injuries. (10) A complete neurological and oph- 
thalmological examination of all patients (see Head Injury Chart). 

Management of Cases of Suspected Acute Cerebral Injury.—Many 
cases are brought to hospitals with a history of head trauma. It is im- 
portant to be able to tell whether there is an actual head injury of suf- 
- ficient degree to warrant hospitalization. If technically good stereoscopic 
x-rays, carefully studied, are negative and two properly spaced specimens 
of spinal fluid are devoid of red blood cells, the case should not be consid- 
ered one of cranial or intracranial injury unless clinical evidence is to the 
contrary. 

Complications of Head Injuries—The complications are: (1) Hypo- 
static pneumonia; (2) meningitis; (3) associated injury; (4) exhaustion 
and inanition; (5) mastoiditis; (6) brain abscess; (7) osteitis of the skull. 

1. Hypostatic pneumonia is the usual type of pneumonia noted in these 
cases, although inhalation or aspiration pneumonia is sometimes found. 
Pneumonia is the most common complication, and is the cause of death 
in the majority of cases that live forty-eight hours or longer after injury. 
It is most frequently seen in patients who are middle-aged and older. 

2. Meningitis is the next most frequent complication. It is seen most 



































































































































HEAD INJURY CHART 
Name Age Sex Color 
Date Admitted Hour Time of Injury 
Discharged Vomiting Alcohol 
How Injured 
State of Consciousness How long Unconscious 
Convulsions Urinary Incontinence 
Associated Injuries 
Scalp; Laceration Hematoma 
Bleeding from: Right Ear Left Ear Nose Throat 
Spinal Fluid from: Right Ear Left Ear Nose 
z-Ray 
Skull Fracture: Simple Compound Depressed Frontal Sinus 
Extent of Fracture 
EYES 

Right Left 
Ecchymosis 
Pupils 
Fundus 
Nystagmus 

PARALYSES 

Right Left 
Arms 
Legs 
Cranial Nerves 
Aphasia Traumatic Delirium 

REFLEXES 
Right Left Right Left 
Neck Rigidity Patellar 
Biceps Achilles 
Triceps Plantar 
Abdominal Oppenheim 
Cremasteric Kernig 
Other Neurologic Data 
LUMBAR PUNCTURE AND BLOOD PRESSURE 
Pressure Number Pressure Gross 
: 4 Blood Red Cell 
Dat Time of Spinal of ec. after Appear- Pulse 
mF Fluid Removed Removal ance Pressure Count 
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often in penetrating wounds of all types. Patients having frontal sinus 
fractures with a laceration of the dura are very prone to develop menin- 
gitis. Occasionally it may result from infection through a fracture of the 
petrous portion of the temporal bone via the external auditory meatus. 
Examination of the spinal fluid makes the diagnosis. 

3. Associated injuries are the injuries incurred at the same time the 
cerebral injury was received. They are frequently the chief cause of death; 
while at other times the combination of the associated injury or injuries 
and the brain injury is fatal. hay 

4. Exhaustion and inanition are often a cause of death in elderly pa- 
tients. Cardiac, renal and arterial disease is often present in some of these 
cases and has a direct bearing on the outcome. In undernourished un- 
conscious patients it is difficult to maintain nutrition if unconsciousness 
should last for several days. Duodenal feedings and glucose per rectum 
are helpful in tiding some of these patients over, but some will slowly die 
of inanition and exhaustion in spite of every effort to maintain adequate 
nutrition and fluid balance. Acidosis is present in many of these cases, 
and when found it should be treated. 

5. Mastoiditis is an infrequent but not rare complication of fractures 
involving the middle ear. It may be often prevented by strict attention 
to all bleeding or escape of cerebrospinal fluid from one or both ears. 
a-Ray of the mastoid with the usual clinical symptoms and signs make 
the diagnosis; and the treatment is operation. 

6. Brain abscess is an extremely rare complication of cranial injuries 
in civil life; I have seen but 2 cases in over 2000 head injury cases. It is 
seen most frequently in military surgery. The treatment is operation after 
it has become well localized. 

7. Ostertis of the skull occurs as a complication of compound fractures. 
It is rare and is especially chronic in its course. One or more persistent 
discharging sinus tracts over or adjacent to the site of a compound frac- 
ture together with the w-ray findings, make the diagnosis. 

Sequelae, or Late Effects of Head Injuries.—The late effects of head 
injuries are: (1) Posttraumatic headache; (2) vertigo; (3) mental changes; 
(4) posttraumatic neuroses; (5) jacksonian epilepsy; (6) old depressed 
fractures with symptoms or deformity; (7) chronic subdural hematoma, 
including subdural and intracerebral cysts; (8) persistent or permanent 
paralyses, including cranial nerve palsies; (9) retained foreign bodies in 
the brain; (10) brain herniation through a cranial defect; (11) chronic 
pneumocephalus; (12) chronic brain abscess; (13) punch drunk; (14) pul- 
sating exophthalmos. 

1. Posttraumatic headache is the most common and persistent symp- 
tom following head injuries. It is present for varying periods of time in 
about 25 per cent of all cases. The pain is usually deep-seated and it may 
be sharp and spasmodic or dull and aching. It may be a continual dull 
ache, while in some patients it is brought on only by mental effort or 
exercise; and also the intensity of a persistent headache may be greatly 
increased by physical or mental exertion. The pain may be general or lo- 
calized, and very rarely it may be sharply confined to the area of a scalp 
cicatrix. Headache is the most common sequela following an intracranial 
injury without skull fracture. 
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2. Vertigo is found in about 18 per cent of these cases. The usual type 
of dizziness is the mild form that is caused by postural changes of the head 
or body, extreme heat, train or elevator travel, or physical exertion: it 
varies in intensity and frequency. It is often associated with headache. 
Glaser and Shafer found postural vertigo, due to involvement of the periph- 
eral portion of the vestibular nerve, in 20 of 255 cases; this they proved. 
Vertigo due to actual destruction of the peripheral portion of the vestib- 
ular nerve is very rare. 

3. Mental changes occur in about 10 per cent of all cases of head in- 
juries, and are divided into (a) changes in character and personality, (b) 
traumatic insanity. Changes in character and personality are common; 
and they last for a few weeks to several months, and in most instances 
disappear, although rarely they may be permanent. Habit deviations, 
melancholia, irritability and extreme nervousness are the types found. 
Movements and language of an aimless and purposeless character are at 
times observed for longer or shorter periods of time. Traumatic insanity 
due to brain injury is rare. When it does occur, it is usually after severe 
injury. Relatively few cases of actual insanity resulting from cerebral 
trauma are listed by institutions for mental defectives among their ad- 
missions. 

4. Posttraumatic neuroses of different types and kinds are common 
sequelae of head injuries. They may have no organic basis. They repre- 
sent the reaction of persons having constitutionally unstable nervous sys- 
tems to traumatic stimuli. Any injury in one of these patients would 
produce a neurosis, and is similar to the so-called “effort syndrome” seen 
during the war. In a few instances it is the manifestation of some other 
pathological condition, but the histories of these patients show that ner- 
vous instability was present before the injury. All symptoms date back 
to the injury. The patient is afraid that something will always be wrong 
with him, he has no confidence in himself, insomnia is frequent, his gen- 
eral appearance and physical condition are excellent but he declares that 
he cannot work. Sympathetic inquiry and study aggravate the symptoms. 
Encephalograms are negative. 

5. Traumatic epilepsy may be of the jacksonian or focal type; although 
epilepsy of a generalized form does occur in a few instances following severe 
head injury. It may develop within six weeks after the injury or it may 
not develop for several years; usually it comes on between six months to a 
year after the trauma. Jacksonian epilepsy results from irritation of a 
localized area of the cerebral cortex, and it manifests itself in a particular 
region of the body, for example, an arm. It may remain confined to the 
arm in a given case, or it may spread and involve the entire body. Other 
neurological signs, a-ray findings, and encephalographic studies may or may 
not furnish added information. The cause is obvious in the case of a de- 
pressed skull fracture, or a retained foreign body. The treatment is opera- 
tion. At times the pressure is from a subdural hematoma or cyst. In 
some cases scar tissue has replaced brain tissue, and in some instances 
nothing can be found grossly but adhesions of the arachnoid to the dura 
and cortex. 

6. Old depressed fractures may exert pressure on the cortex and cause 
epilepsy in rare instances. The treatment is operation. If deformity is 
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marked a patient may desire operation for purely cosmetic reasons: opera- 
tion in such instances may prevent the development of epilepsy. 

7. Chronic subdural hematoma or cyst is relatively infrequent, and its 
treatment is operation. Fleming and Jones suggest bilateral trephine holes 
where it is suspected. Encephalography is of distinct diagnostic value at 
times. 

8. Persistent or Permanent Paralyses, Including Nerve Palsies —Hemi- 
plegia and monoplegia following head injuries may persist for many months 
and then disappear; rarely they may be permanent. The same applies to 
paralyses of the cranial nerves. Of the cranial nerves the auditory or 
acoustic nerve is most frequently affected, and it produces diminished hear- 
ing or deafness in 15 per cent of these cases. Middle ear hemorrhage or 
cochlear damage is the cause of diminished hearing or deafness, and severe 
cochlear damage is followed by permanent deafness. Gottlieb noted that 
injuries to the nerve pathways from the cochlea and labyrinth are most 
common. Also that workers who have sustained head injuries are more 
likely to fall from elevated and unprotected positions because of dizziness. 
The facial nerve is the nerve involved next in order of frequency. Facial 
paralysis is present in 8 per cent of head injury cases. Facial nerve palsy 
generally disappears after a few weeks or a few months. The oculomotor, 
trochlear and abducens nerves are the ones affected next in frequency; 
they are involved in about 5 per cent of the cases: eye signs they show 
are usually temporary. Optic nerve involvement is in the form of 
primary optic atrophy, rarely secondary optic atrophy. The nerve is lacer- 
ated or there was hemorrhage in its sheath, with or without a preceding 
choked disk. Rand found alterations in the visual fields in 24 cases of 
traumatic cerebral injury; his findings were characteristic, and this method 
of study should be followed more intensively. The olfactory nerve is in- 
jured in some fractures of the cribriform plate. It occurs in about 2 per 
cent of these cases, and causes anosmia that is extremely persistent. In 
many instances it never improves. Involvement of the trigeminal nerve 
is rare. When observed it is temporary, and manifests itself by loss of 
sensation over the area supplied by the mandibular nerve. Lesions of 
glossopharyngeal, vagus, spinal accessory and hypoglossal nerves undoubt- 
edly occur, although I have never seen any. 

9. Retained foreign bodies in the brain consist, in most instances, of 
bullets or particles of shrapnel. They may or may not produce symptoms. 
If asymptomatic, they should be left alone, while if they cause symptoms 
of a disturbing character they should be removed. Careful radiographical 
and neurological study should precede any operative procedures. Bullets 
do not always remain stationary within the skull. I observed a case where 
a bullet entered the left frontal area, traversed the brain in an antero- 
posterior direction and entered the cisterna magna. After a few days it 
moved down the subarachnoid space and became wedged at the level of 
the fourth cervical vertebra. 

10. Brain herniation through a cranial defect is seen after compound 
fractures with extensive bone fragmentation. If there is marked increase 
of intracranial pressure it may follow as a result of subtemporal decom- 
pression operations. 

11. Chronic pneumocephalus is due to a fistulous tract communicating 
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with the subarachnoid space that persists and does not heal spontaneously. 
Air thus enters the cranial cavity. Operation is indicated. 

12. Chronic brain abscess may be asymptomatic for months. It repre- 
sents the persistence of a complication of cerebral injury from a penetrating 
skull wound. The symptoms may be those of a brain tumor. The treat- 
ment is drainage. 

13. Punch drunk is a clinical syndrome, caused by blows on the head. 
The pathology is probably multiple petechial intracerebral hemorrhages. 
It is seen most frequently in pugilists. Patients suffering from “punch 
drunk” have a highly characteristic ataxic gait. Deformities of one or 
both ears, the so-called “cauliflower ear,” is an excellent clue, because these 
ear deformities are seen chiefly in prize fighters. The condition is a per- 
manent sequela of head injury and there is no known treatment. 

14. Pulsating exophthalmos is caused by an arteriovenous aneurysm 
between the internal carotid artery and the cavernous sinus. An arterio- 
venous aneurysm between these two vessels sometimes results from skull 
fracture, involving the body of the sphenoid bone. The eyeball protrudes, 
and the veins of the upper eyelid are dilated, and a bruit is present. The 
treatment is constriction of the common carotid artery with fascia lata. 
Cure has been effected by placing a silver clip on the artery within the 
skull at its exit from the carotid canal. 

Encephalography or Cerebral Pneumography.—Encephalography is 
the visualization of the cerebral ventricles and subarachnoid space, after 
they have been filled with air, on an a-ray film. As much cerebrospinal 
fluid as possible is withdrawn and this is replaced with an equal amount 
of air. Dandy was the first to devise this method of study, and its appli- 
cation to the study of the late effects of head injuries was made by Pan- 
coast and Fay. It is in the study of the late effects of cerebral injury that 
encephalography has its greatest field of usefulness. By this means it is 
now possible to demonstrate cortical atrophy, ventricular distortion and 
dilatation and obliteration of the subarachnoid space. Many patients with 
subjective symptoms following cerebral trauma have been found to ex- 
hibit definite proof of brain injury. It is a valuable aid in the diagnosis 
of chronic subdural hematoma. Encephalograms have been accepted as 
satisfactory evidence of cerebral injury in the adjustment of compensation 
claims in some states. 

Economic Readjustment after Head Injuries.—In the vast majority of 
instances the patient who has suffered an injury to his head, after several 
weeks or six months at most, is able to resume his normal activities. In 
some instances the brain injury prevents him from taking up again his 
vocation, but this is unusual. Some degree of readjustment by the patient 
himself may at times be required. Where a patient has started a civil suit 
for damages because of the injury, the chances are symptoms will persist 
until the suit has been settled. Preexisting cerebral or other pathology, 
and not the head injury, in some instances is responsible for changes in 
vocation. Posttraumatic neurosis is indicative of a physiopathological con- 
dition of the nervous system. It antedates the cerebral trauma, but is 
ascribed by the patient to the injury. 

Differential Diagnosis of Acute Brain Injury—When a history of 
cranial injury can be obtained, the differential diagnosis of acute cerebral 
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trauma is simplified. Although occasionally there is a history of head 
trauma in a given case, the trauma not infrequently is secondary to and 
caused by some underlying pathological condition. The traumatic lesion 
is superimposed on the pathological condition and is of secondary impor- 
tance. In 25 per cent of all cases no history is obtainable and this makes 
differential diagnosis important. Especially is this true of cases entering 
the hospital in coma. In some unusual instances coma is not present but 
the neurological and other findings may suggest the possibility of head 
injury. A brief summary of the essential differential diagnostic points is 
given below: 


1. Alcoholic Coma—Odor of alcohol on breath with or without history of drinking; 
absent history of head injury; negative z-ray and clear spinal fluid. 

2. Drug Poisoning—Possible history of taking a drug with no history of head injury; 
symptoms of drug poisoning, e. g., morphine poisoning—pinpoint pupils, slow respirations; 
negative a-rays; clear spinal fluid; recovery of drug in urine or stomach contents. 

3. Diabetic Coma—Odor of acetone on breath; glucose in urine; hyperglycemia; absent 
history of head injury; negative «-ray; clear spinal fluid. 

4. Uremic Coma.—Sweetish odor on breath; increase in blood urea and creatinine; al- 
bumin and casts in urine; no history of head injury; negative x-ray; clear spinal fluid. 

5. Cerebral Hemorrhage into Internal Capsule—Usually hemiplegia; arteriosclerosis; 
usually marked hypertension; no history of head injury; negative x-ray; usually clear spinal 
fluid. 

6. Spontaneous Subarachnoid Hemorrhage—No history of head injury; negative x-ray; 
red blood cells in spinal fluid; rigidity of neck; apoplectiform onset; other signs of meningeal 
irritation. 

7. Brain Tumor—No history of head injury; headache, vomiting, choked disk; other 
localizing signs; x-ray negative for skull fracture; clear spinal fluid. 

8. Cerebral Embolism—No history of head injury; secondary to pulmonary or neck 
lesion; negative x-ray; clear spinal fluid; abrupt onset with signs and symptoms of a cerebral 
catastrophe. 

9. Chronic Subdural Hematoma—No recent history of injury, but old history of mild 
trauma in anterior-posterior diameter of skull; localizing signs; negative x-ray; clear spinal 
fluid. Positive encephalograms in many instances. 

10. Cerebral Syphilis —Other luetic stigmata; positive blood and spinal fluid Wassermann; 
x-ray of skull negative; clear spinal fluid; no history of injury. 

11. Purpura Haemorrhagica with Intracranial Hemorrhage—Purpuric spots of bleeding 
from mucous membranes; absent blood platelets or low platelet count; anemia; no history 
of head injury; negative 2-ray; spinal fluid may or may not be bloody. (Intracranial hemor- 
rhage, according to Garvey and Stephens, is a frequent cause of death in cases of purpura 
haemorrhagica.) 

12. Meningitis—No history of head injury; if tuberculous meningitis, tubercle bacilli 
in clear spinal fluid; if meningococcie or other types, spinal fluid exhibits many white cells, 
and the organism can usually be demonstrated; positive Kernig and Brudzinski signs; fever; 
headache, and other systemic evidences of meningitis; x-ray negative. 

13. Cerebral Abscess—No history of head injury; usually secondary to some other lesion 
such as mastoiditis, or pulmonary lesion; fever; localizing signs; x-ray negative; spinal fluid 
clear; leukocytosis. 

14. Hysteria—Bizarre signs and symptoms; usually no history of head injury; negative 
x-ray; clear spinal fluid; sometimes history of hysterical attacks. 


Any of the above conditions may be associated with cerebral injury. 
If this is the case, it is difficult at times to determine which lesion is the 
more important—the head injury or the associated pathological condition. 

Prognosis of Acute Brain Injury.—The prognosis of cerebral concussion 
is good, but 10 per cent of these cases exhibit postconcussional symptoms, 
such as headache and various mental changes—they generally disappear 
after a shorter or longer period of time. In proved cases of skull fracture 
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in adults the mortality in competent hands is 28 per cent, while the mor- 
tality of proved intracranial injury in adults is 11 per cent; which gives a 
mortality average of 22 per cent for both groups of cases. In a personal 
series of 1771 consecutive proved cases of cranial and intracranial injuries, 
387 patients died, or a mortality of 21.9 per cent. In children the mor- 
tality is 3.5 per cent. As a general rule, adult patients who enter the 
hospital conscious will live; although the prognosis is grave in the event a 
conscious patient becomes comatose. Some of these recover, however, 
without surgical intervention. Deeply unconscious patients with widely 
dilated pupils, stertorous respiration and flaccid limbs, die rapidly and usu- 
ally nothing will save them. The unconscious or semiconscious patients 
who remain in stupor or unresponsive for hours or days are the cases that 
cause difficulty as regards prognosis. Jefferson classifies head injuries into 
three groups according to the clinical depth of the traumatic stupor. In 
general the longer the period of unconsciousness the more guarded the 
prognosis. Death occurring forty-eight hours or longer after injury is in 
most instances due to pneumonia, meningitis, associated injury or exhaus- 
tion and inanition; in brief, a complication—but not always. 

In 1771 cases, 470 were unconscious on admission, and of these 324 died, 
or 69 per cent. Death occurred within the first twelve hours in 164 of 
these 324 fatal cases, or 50.6 per cent; and most of these cases were serious 
instances of basal fracture. The older the patient, the worse the prog- 
nosis, due to the vascular and visceral changes present in the aged, and to 
general debility. Alcohol masks the picture on admission and often con- 
fuses the clinical pattern. Shock is always present in the seriously injured 
patients. 

The prognosis is grave in all cases with laceration of the dura; in 35 
instances of 1771 cases the dura was torn, and 16 of these patients died, 
a mortality of 34 per cent. Death in such instances, if not rapid from the 
initial brain injury, is due to meningitis. 

The mortality is 95.5 per cent in patients exhibiting bilaterally widely 
dilated and fixed pupils, and 50 per cent if there is a unilaterally widely 
dilated fixed pupil. Urinary incontinence, not due to alcohol, is a bad prog- 
nostic sign. The onset of pulmonary edema is practically always a sign of 
early impending death. 

The lack of uniform standards of diagnostic requirements in cases of 
head injuries impairs the value of all statistical studies. 

Treatment of Acute Brain Injury.—The treatment of acute head in- 
juries is directed, first, to the saving of life—death in most instances is 
due to cerebral damage—and, secondly, to the prevention of, or, if this 
is impossible, to the reduction to a minimum of complications and sequelae; 
and, thirdly, to the correction of deformity. 

History of Injury Important, if Obtainable—A complete history of the 
accident is an essential prerequisite in every case, if it can possibly be ob- 
tained. It should be studied in minute detail. Especially valuable is the 
story of eye-witnesses of the accident, and the sequence of symptoms in 
the order of their appearance. 

Examination of the Patient—The scalp should be minutely inspected 
for abrasions, minor lacerations and hematomas. A hematoma due to 
laceration of the pericranium may feel like a skull fracture. Avulsion of 
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the scalp is often present without skull fracture or intracranial injury. 
Extensive scalp wounds in compound depressed fractures may be gently 
palpated in the operating room under strictly aseptic conditions with a 
sterile gloved finger. Most associated injuries are easy to detect; but asso- 
ciated fractures of the atlas and axis are often overlooked. Tension pneu- 
mothorax from fractured ribs has caused death in some cases where it was 
not even suspected. 

The Treatment of Traumatic Shock.—Patients in mild shock are placed 
horizontally, kept warm and left alone. If the patient is in extreme shock 
the bed is kept horizontal, with the head raised and warm normal saline 
solution 1000 cc. is given intravenously; and it may be repeated a few 
hours later if necessary. In cases of moderately severe shock, it is wise to 
administer normal saline solution under the skin. Swift recommends 
hot colonic irrigations. Many surgeons advocate intravenous injections of 
hypertonic solutions of glucose. I have not seen a severe head injury case 
benefited by its use, although in cases of traumatic shock without serious 
cerebral injury, it is of great value. Glucose is preferable to sucrose in 
shock because its diuretic action is less, thus maintaining blood volume 
increase for a longer period of time. 

Gentleness in the handling of all cases in shock is essential. Ambulance 
surgeons should be instructed to be extremely gentle while transporting 
patients with head injuries to the hospital, so as not to increase any ex- 
isting shock, or aggravate the cerebral condition. Special nurses should 
be assigned to these cases whenever possible. Morphine is contraindicated 
because it depresses respiration and masks symptoms. Associated frac- 
tures should be splinted. Extracranial hemorrhage must be stopped if it 
is present. The head should be kept elevated on a pillow, and the pa- 
tient should be surrounded by an atmosphere of quietness. An enema of 
black coffee is excellent at times. If the patient is very restless, small doses 
of amytal or luminal may be used. 

Treatment of Extracranial Injuries—Hematomas of the scalp usually 
become absorbed spontaneously within a few days after the injury. Rarely, 
if there is wide separation of bone fragments, a subpericranial hematoma 
may cause cerebral compression. In such a case the pericranial hematoma 
should be opened and evacuated under aseptic conditions. This unusual 
condition is observed more frequently in children than in adults. If a 
cephalhematoma lasts over a month, it may be incised and the clot evac- 
uated to prevent permanent thickening of the skull in that area. 

Lacerations of the scalp, if slight, call for no special treatment. The 
hair should be shaved for some distance around every scalp laceration, 
and the laceration treated with tincture of iodine followed by alcohol or 
some other proved antiseptic—I prefer surgical mercurochrome or tincture 
of merthiolate because it is less irritating—and the laceration sutured or 
strapped with adhesive, as the case may be, and a sterile dressing applied. 
On the ward, I often leave lacerations, after they have been sutured, closed 
with Michel clips or strapped together with adhesive plaster, exposed to 
the air: they seem to heal faster. Patients with extensive laceration of 
the scalp should be taken to the operating room, and there the wounds 
are carefully débrided and sutured with silk without drainage, if there is 
no bone injury. The scalp has such a rich circulation that lacerated 
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wounds of the scalp heal practically always by primary intention. All 
scalp lacerations should be inspected most carefully so that a fracture of 
the skull may not be overlooked. If skull fracture is present, a small 
rubber dam or gutta-percha drain should be inserted in the lower angle 
of the laceration, when a débridement operation is done; the drain may be 
removed at the end of forty-eight hours. Extensive scalp wounds are often 
present in cases of compound depressed fractures of the skull, and the frac- 
ture may be gently palpated with a sterile gloved finger under aseptic 
conditions. 

Treatment of Cerebral Concussion—Uncomplicated cases of cerebral 
concussion of the fatal variety practically always die before they reach the 
hospital. The cases that are seen on the wards are mild, and usually re- 
quire no treatment except rest, although some of these cases later develop 
serious postconcussional symptoms. Not infrequently cases with mild 
symptoms of concussion a few months later, by means of encephalography, 
have been found to have suffered real brain injury. Many serious cases 
of brain injury have been wrongly diagnosed as simple mild concussion. 
Serious injury should be suspected in all cases that do not regain con- 
sciousness within a few minutes to, at the outside, one-half hour. The 
spinal fluid is devoid of red blood cells and the skull a-ray is negative. 
Examination of the spinal fluid for red blood cells is of great value in 
differentiating cases of uncomplicated concussion from concussion com- 
bined with intracranial hemorrhage. The so-called “lucid interval” is ob- 
served when there is a secondary loss of consciousness, after the patient 
has regained consciousness following his primary unconscious state. This 
condition is highly suggestive of extradural hemorrhage, although it is 
occasionally seen in subdural hemorrhage. I have on rare occasions noted 
it in cases with secondary hemorrhage from brain laceration. The impor- 
tance of the so-called “lucid interval” is based on the fact that it is almost 
always pathognomonic of extradural hemorrhage and this condition can 
be cured by operation. For this reason every case of clinical concussion 
should be carefully observed for the so-called “lucid interval,” so as not 
to diagnose too late or miss entirely the diagnosis in a patient with an 
epidural hemorrhage. 

The Treatment of Intracranial Injury without Skull Fracture.—The 
mortality of intracranial injury without skull fracture is, in adults, roughly 
one third of that of proved skull fracture. Cases of intracranial injury 
without skull fracture fall into two groups: (1) mild, (2) serious. In mild 
cases the symptoms are due to concussion plus slight subarachnoid hem- 
orrhage, with or without slight bruises and contusions of the brain. These 
patients are usually conscious upon arrival at the hospital. If they are 
in coma, usually the stupor is not deep, and consciousness is regained 
within a very short time. Some cases that are apparently clinically mild 
‘on admission later turn out to be serious. Lacerations and hematomas 
of the scalp may or may not be present, but if present they should be 
treated properly. «-Ray examination is negative, and red blood cells are 
present in spinal fluid. The cerebral injury case requires rest in bed with 
good nursing, and observation because the case may be more serious than 
is apparent. Ten per cent of these cases are serious and death, when it 
occurs, is caused by blood clot compression from brain laceration or sub- 
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dural hemorrhage. In clot compression from brain laceration, the coma is 
usually deep at the outset, while if it is from subdural hemorrhage the 
initial stupor is frequently not deep, but gradually and progressively in- 
creases. It is in this group of cases that exploratory operation is indicated 
because subdural hemorrhage can be often cured surgically if diagnosed 
in time. The skull is not fractured in most instances of subdural hemor- 
rhage, and many of these patients are alcoholics. In other respects these 
cases require the routine care and study that all head injury cases should 
receive. se 

The Treatment of Skull Fracture—The majority of skull fractures are 
of the simple variety. They fall naturally into three groups, namely: (1) 
mild, (2) moderately severe, (3) severe—usually called “severe fractures 
of the base of the skull.” Others classify these cases into three groups, 
using the degree of stupor as the index of severity. Stupor is not purely 
a compression phenomenon but coma is due to primary cerebral damage. 
The red cell count in the spinal fluid will also give a general idea of the 
degree of the injury. 

Mild simple skull fractures invariably exhibit slight to moderate sub- 
arachnoid hemorrhage due to cerebral contusion. More than 60 per cent 
of all skull fractures are mild. Recovery will follow with rest in bed and 
careful nursing; but the protection of strict and intelligent observation is 
needed so that a possible subdural or epidural hemorrhage will not be 
overlooked. 

The difference between the moderately severe and severe bursting frac- 
tures of the skull base is one of degree only, since in the former there is 
less contusion and laceration of the brain as well as less intracranial hem- 
orrhage. Basal fractures are the most serious because the causative vio- 
lence is more severe, and it is often spent on the vital centers in the brain 
stem. The red cell count of the spinal fluid and the degree of stupor are 
the indices of the clinical severity of the case. a-Ray examinations are 
valuable in helping to make the diagnosis of extradural hemorrhage, and 
in disclosing frontal smus fractures. The patient is put to bed and shock, 
if present, is treated at once, and any extracranial injuries are likewise 
taken care of at that time. Special nurses are assigned to the case to 
insure careful and gentle handling of the patient. This is very important, 
and should always be done if the hospital or patient has the means to 
afford special nurses. Sideboards are attached to the beds of unconscious 
patients to keep them from accidentally rolling out of the bed. Associated 
injuries are carefully and gently treated. The patient is kept warm with 
blankets and hot-water bottles; warmth is essential. Under no circum- 
stances should the patient be allowed to become chilled, as this lowers the 
vitality. Pneumonia jackets or similar coatlike apparel should be used in 
the late fall, winter and early spring. Bleeding from the ears is cared for 
by putting several drops of 70 per cent alcohol in the external auditory 
canal, and if the bleeding is from only one ear and there is no other contra- 
indication, it is best for the patient to lie on the side from which the 
bleeding occurs, so as to let blood drain out easily: this lessens the chance 
of meningitis and mastoiditis. A sterile piece of gauze is kept over the 
ear and changed frequently if there is much hemorrhage. Otorrhea of 
cerebrospinal fluid is handled in exactly the same way. The mouth is kept 
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scrupulously clean; mucus and blood in the throat are removed by a suc- 
tion apparatus or by frequent swabbing. Dehydration is combated by 
hypodermoclysis or a Murphy drip. A general physical examination is 
made of the patient so as to discover any existing pathological condition. 
All unconscious patients and all senile patients should have complete blood 
chemistry determinations. An ice-bag or an ice-coil is applied to the head. 
Restlessness and irritability are controlled by means of amytal or luminal 
by mouth, if the patient is conscious; if he is in traumatic delirium, either 
of these drugs may be given intravenously. I used avertin for a while but 
discontinued its use because its effect lasted too long and masked the 
symptoms. Morphine should not be used because it is a respiratory de- 
pressant and masks the symptoms. We have treated a few alcoholic cases 
with 5 per cent carbon dioxide and 95 per cent oxygen inhalations, pro- 
vided the mouth and nose were clear of blood and mucus, with apparently 
favorable results in some cases. I have used oxygen and carbon dioxide 
on cyanotic patients and some noncyanotic patients with respiratory em- 
barrassment with favorable results. It is, however, without avail in pul- 
monary edema due to head injury. Unconscious patients are fed by means 
of the duodenal tube and nutritive enemata. The juice of three oranges is 
given daily as long as the patient remains stuporous. Most of these cases 
are nonoperative but each case should be constantly studied to avoid over- 
looking a subdural or extradural hemorrhage—which, as I have before 
stated, can be relieved by operation. Enemata of magnesium sulfate solu- 
tions are of no value. Dehydration by means of limitation of fluid intake 
is rarely of value, and in my opinion harmful in most instances. Under 
no circumstances should a subtemporal decompression operation be per- 
formed for the relief of intracranial pressure. Operate only on definite 
indications. Exploratory operation is justified only if an operative condi- 
tion is strongly suspected. The shock of operation has caused the un- 
necessary loss of many lives. Operation cannot cure brain laceration nor 
control subarachnoid hemorrhage in the cases that would not live 
otherwise. 

Intravenous Injections of Hypertonic Solutions of Glucose or Sucrose, 
or the So-called ‘‘Physiological Decompression.’’—Injections of hypertonic 
solutions of glucose are used by many surgeons in the early treatment of 
acute head injuries, sometimes alone, sometimes combined with immediate 
lumbar drainage of cerebrospinal fluid. It is based on the concept that 
the neuropathological physiology present in these cases is essentially cer- 
ebral edema, causing increased intracranial pressure, with or without an 
increase in the amount of cerebrospinal fluid. It is the treatment of what 
may be termed a symptom, namely, increased intracranial pressure—and 
this is not always present. Weed and his coworkers demonstrated experi- 
mentally, and this has been proved at operation, that intravenous injec- 
tions of hypertonic solutions cause a reduction in brain volume by means 
of osmosis. Intravenous injections of hypertonic solutions will effect an 
acute fall in intraspinal pressure within a few minutes, but within from 
one to four hours there is a secondary rise in intraspinal pressure, higher 
than the original pressure. This has been proved experimentally by Milles 
and Hurwitz, and clinically by Jackson, Leader and Kutsunai, and by 
Connors and the author. Since the acutely traumatized brain needs rest 
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to stabilize itself, this artificial shrinkage is distinctly harmful. Any case 
that would live with glucose injections would live without it, and it has 
caused, in my opinion, the unnecessary loss of many lives, due to the fact 
that it allows more space for bleeding, and consequently a much larger 
compressing clot is produced—its repeated use permitting the clot to 
grow larger and larger. 

Sucrose, a disaccharide, recently introduced by Masserman, is excreted 
by diuresis, instead of being extracted from the circulation into the tissues 
like glucose, and is recommended as being less detrimental than glucose. 
I have found that injections of sucrose reduce brain volume as shown by 
intraspinal manometric readings to the same extent as glucose injections, 
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and that the secondary rise in intraspinal pressure is not so high as is 
the case with glucose; but clinically no case was benefited where it was 
used early. If hypertonic solutions are used, I prefer sucrose. If glucose 
solutions are used, insulin should be given at the same time, so as to burn 
up the glucose in the tissues and prevent it from being taken up by the 
central nervous system tissues by reverse osmosis, thus causing an un- 
warranted increase in intracranial pressure. 

“Delayed injections of glucose with insulin,” with or without “delayed 
lumbar drainage” may be used after one week, when one is absolutely 
certain that intracranial hemorrhage has ceased. If after a week a case 
is not doing well clinically, and on spinal tap it is found that there has 
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been a marked increase in intracranial pressure, then the above measures 
may be instituted. Admittedly, this is the treatment of a symptom, but 
it has helped some patients. The spinal fluid must be clear and if the 
intraspinal pressure is above 180 mm. of water, then spinal fluid is drained 
off until the intraspinal pressure reads one half of the original pressure, 
but never lower than 90 mm. of water, and also intravenous glucose with 
insulin is administered. This may be repeated daily or twice daily if the 
patient responds satisfactorily to the treatment. Lumbar drainage re- 
duces intracranial pressure directly while hypertonic glucose solution in- 
jections reduce it indirectly through osmosis. I have seen in some cases 
secondary hemorrhages provoked by delayed spinal drainage and delayed 
glucose injections, when used without careful selection of the cases. 

Early Drainage of Spinal Fluid.—Immediate drainage of cerebrospinal 
fluid from the lumbar sac has been used by many authorities as the rou- 
tine treatment in these cases. Lumbar drainage is supposed to achieve 
two results: (1) the reduction of intracranial pressure, (2) the facilita- 
tion of the removal of blood from the subarachnoid space. Sprong has 
proved that the red blood cells in the cerebrospinal fluid disappear in five 
or six days, and that this time period is not influenced by repeated lumbar 
drainage. Cisternal drainage will help an occasional case, but no one can 
select the case that it will help. In the vast majority of cases it will do 
untold harm, by causing more bleeding (Fig. 489). Its use is advocated 
by some on the ground that it reduces intracranial pressure, notwithstand- 
ing the fact that it has been proved that intracranial pressure is not an 
especial factor in fatal cases. The cases that live with spinal drainage 
would live without it. Delayed spinal drainage will help an occasional 
case when the danger of producing a secondary hemorrhage has passed. 

Summary of the Essentials of Treatment of Acute Head Injury.— 
1. Gentle handling of patients on the part of instructed ambulance sur- 
geons, while transporting head injury cases to the hospital. 

2. Rest in bed with good nursing. Special nurses on all those cases 
that can afford them. 

3. Treatment of shock, if present. Management of associated injuries 
with intelligence. 

4. Operations only if there are specific indications. 

5. Operate only on: 

(a) Extradural hemorrhage or suspected extradural hemorrhage. 

(b) Certain compound depressed fractures. 

(c) Subdural hemorrhage or suspected subdural hemorrhage, and sub- 
acute and chronic subdural hematoma. 

(d) Some depressed fractures. 

(e) Frontal sinus fractures where the dura is torn; and includes pneu- 
mocephalus. 

(f) Acute mastoiditis, complicating skull fracture. 

6. Keep patient warm at all times. Warmth combats shock, and 
helps to prevent pneumonia. In late fall and winter and early spring pneu- 
monia jackets should be put on all patients to prevent chilling, as chilling 
hastens the onset of pneumonia. 

7. Keep mouth and throat clear of blood and mucus by suction, and 
properly care for bleeding ears so as to prevent infection. 
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8. Put to bed in Fowler’s position, and attach sideboards if patient 
is unconscious. After consciousness has returned patient may be placed 
in a semirecumbent position. 

9. Ice-bag to head. 

10. Maintain fluid balance if patient is dehydrated by means of a 
duodenal tube or Murphy drip if patient is unconscious. Hypodermoc- 
lysis is necessary. 

11. Nourish unconscious patients by means of duodenal tube feedings 
and nutritive enemata. Also the juice of three oranges daily. 

12. Avoid intravenous injections of glucose solutions, magnesium sul- 
fate solutions per rectum, dehydration, and lumbar drainage during the 
first few days. 

13. No morphine or avertin to control traumatic delirium. Morphine is 
a respiratory depressant, and the effects of avertin are too prolonged. Use 
judiciously amytal or luminal. 

14. In selected cases exhibiting a high secondary spinal fluid hyperten- 
sion after six or seven days, that are not doing well clinically, one may use 
“delayed glucose with insulin” with or without “delayed lumbar drainage.” 

The purpose of this plan of management is to: 

(a) Give the brain a chance to stabilize itself without producing more 
hemorrhage. 

(b) Maintain fluid balance. 

(c) Keep up nourishment and prevent starvation acidosis. 

(d) Prevent pneumonia and meningitis. 

Operative Treatment.—The work of the late Dr. John F. Connors over 
a period of thirty years at the Harlem Hospital, placed the treatment of 
head injuries on a sound basis in this country. He opposed indiscriminate 
operations in these cases, and urged that there be definite indications for 
operative intervention, and that the average case was better off as a re- 
sult of routine nonoperative treatment. I disapprove subtemporal decom- 
pression operations advocated by some surgeons for the relief of increased 
intracranial pressure. Acute increased intracranial pressure is a symptom; 
many cases live even though the pressure is very high, and many patients 
die where there is no generalized increased intracranial pressure. It is true 
that a large subtemporal decompression operation will afford greater re- 
lief in the case of increased intracranial pressure than glucose injections or 
spinal drainage; but there is the shock of the operation to be considered 
and also the effect of atmospheric pressure on the brain which, according 
to Weed, is harmful. Operation will not cure brain laceration and cannot 
stop subarachnoid hemorrhage, except in very rare instances. Over 50 
per cent of the severely injured cases die within the first twelve hours, 
and it is obvious that operation could not save them. The majority of 
cases with brain laceration and subarachnoid hemorrhage that are operated 
on would live without operation; while many die following operation that 
would live without it. Mild cases of brain contusion, and laceration, and 
subarachnoid hemorrhage with or without fractured skull will recover with- 
out surgical intervention. Fractures that are not depressed require no 
operation, as proved by observations in hundreds of cases. Operate only 
for lesions that can be cured by operation, or where such lesions are 
strongly suspected; or in other words only on definite indications. 
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Indications for Operation.—Operation is indicated in the following 
types of cases: 

1. Compound depressed fractures of the skull. 

2. Extradural hemorrhage, when diagnosed or strongly suspected. 

3. Subdural hemorrhage, acute or subacute, and chronic subdural 
hematoma, when diagnosed or strongly suspected. 

4. Some depressed skull fractures of the simple variety. 

5. Acute mastoiditis. 

6. Frontal sinus fractures, when the dura is torn; includes pneumo- 
cephalus. 

We Exploratory operations, where there are focal signs, which appear late. 

8. Foreign bodies in the brain, that are producing symptoms. Do not 
operate on small penetrating wounds of the skull, such as ice-pick and stab 
wounds, unless they are through the frontal sinus. Occasionally it is neces- 
sary to trephine the skull to remove a foreign body that has become 
wedged in the skull so tightly that it cannot be removed otherwise. 

Treatment of Compound Fractures.—Nondepressed compound fractures 
are usually linear, and call for no especial treatment excepting that of the 
scalp laceration. An adequate area surrounding the laceration is shaved, 
cleansed with green soap and water, and then treated with iodine followed 
by alcohol or dichloramine T, after which it is sutured or strapped together 
with adhesive plaster, or left open as the case may be, and a sterile dressing 
applied. If multiple lacerations are present the entire head may have to 
be shaved. Lacerated wounds of the scalp invariably heal readily. The 
blood supply to the scalp is so rich that infection is rare; in fact I have seen 
only 4 cases of serious cellulitis of the scalp, and no case of osteitis of the 
skull following nondepressed compound fractured skulls. These lacerations 
may be sutured without drainage, although if extensive a few strands of 
silkworm-gut drain serum will lessen the possibility of infection. 

Compound depressed fractures fortunately involve the calvarium most 
frequently, and the bone and brain injury in most instances is easily ac- 
cessible. Most compound fractures result from a direct blow with some 
instrument; therefore the injury is rather sharply localized and the brain 
does not suffer widespread damage to the same extent that it usually does 
after a fall. For this reason most compound fracture patients are conscious 
upon admission to the hospital. Many small compound depressed frac- 
tures without dural penetration will heal satisfactorily in most instances 
without operation, but to insure against unwarranted meningitis operation 
should be performed in all such cases because occasionally the dura is 
penetrated even though it seems to be intact. In the average serious case 
the patient is in shock, a sterile dressing is applied to the wound, and the 
patient is treated for shock. He is then taken to the operating room where 
the head is shaved, preliminary to a thorough débridement operation. The 
wound is cleansed with green soap and water, then with ether, after which 
the scalp is painted with a 314 per cent solution of iodine, which is allowed 
to dry, and is then removed with alcohol. The wound is next palpated 
with a sterile gloved finger to determine the extent of the damage. It is 
then temporarily packed with dichloramine T on a piece of gauze. I use 
novocain infiltration anesthesia alone because it is safest; a 2 per cent solu- 
tion with adrenalin added. The entire area to be operated on is blocked 
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off with the novocain solution, and a thorough débridement of all ragged 
and soiled scalp tissues is done, after which the instruments used on the 
infected soft tissues of the scalp are discarded, and the operator and his 
assistant change their gloves. The type and character of the skin incision 
will naturally depend upon the experience and ingenuity of the operator; 
at times it is advisable to enlarge the existing laceration after a wide dé- 
bridement of its edges; while at other times it is wise to turn back a flap. 
Débridement of the soft tissues is en masse. Fragments of bone are re- 
moved, and if the dura is not lacerated, the soft tissues are sutured, and 
a small drain is placed at the lowest angle of the wound; most of these 
wounds will heal without drainage, and for this reason many operators 
close them without drainage. If the dura is lacerated and there is no hem- 
orrhage or brain laceration, the dura is sutured with very fine silk without 
drainage of the dura, but drainage through the scalp down to the dura is 
provided. If there is extensive hemorrhage and brain laceration, clots 
are removed and any bleeding points are closed by means of electrocoag- 
ulation, strips of muscle tissue, or silver clips; and macerated brain tissue 
is removed by means of suction through a soft-rubber catheter (Cushing) , 
after which the dura is closed without drainage, and a small drain is placed 
in the scalp wound. If the depressed fragment cannot be raised directly, 
it is necessary at times to make a trephine opening adjacent to the de- 
pressed area, and pry the depressed fragments back into position. This 
should be done only when one is certain that there is no dural penetration. 
If uncertain about dural penetration, it is safest to turn back an osteo- 
plastic flap containing the depressed area, and then press the fragments 
back into proper position, inspect the dura, which is sutured if torn, and 
the osteoplastic flap is replaced. The scalp is then closed with interrupted 
sik or silkworm-gut sutures. 

Treatment of Gunshot Wounds of the Head.—Through-and-through 
perforating wounds of the head are treated by the application of iodine 
to the wounds of entrance and exit, followed by sterile dressings. If bone 
fragmentation is present, a thorough débridement operation is indicated, 
and the wounds treated exactly like any other compound fracture. In the 
absence of bone or dural penetration, the local wounds are cleaned up 
surgically, and a sterile dressing applied; the mortality in this group of 
cases should be zero. It is necessary to be on guard for possible injury 
to the middle meningeal artery and the venous sinuses. Occasionally an 
arteriovenous aneurysm with resulting pulsating exophthalmos may result 
from injury to the internal carotid artery. Speed reports a mortality of 
14.5 per cent in a personal war series of 358 cases, 129 of which had dural 
penetration. No effort should be made to remove foreign bodies from the 
brain unless they are producing symptoms or are very superficially placed. 

The Operation of Subtemporal Decompression.—The operation of sub- 
temporal decompression consists of an osteoplastic flap turned down, and 
then an incision in the dura—there is no decompression of the brain un- 
less a flap of dura is made. The head is shaved, cleansed with soap and 
water, then with benzene, ether and alcohol. I prefer surgical mercuro- 
chrome for painting the scalp. The outline of the incision is made on the 
scalp before the patient’s head is draped. An inverted U-shaped incision 
is made with the base over the ear—the incision is through all the layers 
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of the scalp. Pressure of the hands of the assistant on each side of the 
incision while the incision is being made controls hemorrhage, then special 
scalp clips may be applied or all bleeding points are caught with sharp- 
pointed hemostats. These are then sealed with electrocautery, or ligated. 
Four or five burr holes or trephine openings are made in the skull; two 
being at the base of the temporal bone. Bleeding from the bone is con- 
trolled with bone wax. By means of a Cushing Gigli saw carrier a Gigli 
saw is introduced between two of the openings and the skull sawed 
through on a bevel, from within outward, so that when the bone is re- 
placed it cannot press inward on the brain. 

All of the burr hole openings are connected by sawing through the skull 
excepting at the two at the beginning and ending of the incision; and the 
bone with its muscle and scalp tissues attached is turned back—which 
fractures the bone at the base of the incision; this flap is covered with a 
hot wet towel. The middle meningeal artery may be ligated at this time 
with a fine silk suture or sealed with silver clips. To apply silver clips, it 
is necessary to incise the dura parallel to the artery and then apply the 
clip proximal to the bleeding point or above and below if it is to be 
divided. To open the dura, the dura is lifted by means of a fine hook and 
then niched; a grooved director is then introduced beneath the dura and 
the dura incised—this is done to keep from injuring the arachnoid and 
the brain. The dura is turned back in a flap that is slightly smaller than 
the opening in the bone. Where the operation is performed for the relief 
of intracranial pressure, the dura is not sutured, and the bone flap is re- 
placed and the individual layers of the scalp are sutured separately. In 
cases of chronic subdural hematoma and subdural hemorrhage, it is neces- 
sary to insert a small rubber drain beneath the dura, which comes out at 
the lower angle of the scalp incision. The skin of the scalp is closed with 
interrupted silk or silkworm-gut sutures. 

Objections to Routine Subtemporal Decompression Operations for the 
Relief of Intracranial Pressure in Acute Head Injury.—1. It may be a long 
shocking operation, often necessitating blood transfusion for hemorrhage 
and shock. 

2. In most of these cases the hemorrhage is at the base, and it cannot 
be controlled by any known method. 

3. External atmospheric pressure has a detrimental effect on the brain 
as shown by the work of Weed. 

4. It provides more room for bleeding, and prevents the brain from 
becoming stabilized. 

5. The cases that survive operation in most instances would have lived 
without it; while many cases die following operation that would have lived 
if no operation had been performed. 

Indications for Subtemporal Decompression.—1. Epidural hemorrhage 
in some instances. 

. Certain subdural hemorrhage cases. 

. Chronic subdural hematoma—-selected cases. 
. Traumatic subdural cysts. 

. Traumatic epilepsy. 

. Certain cases of traumatic porencephalus. 

. Removal of some foreign bodies. 
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CHAPTER XXIII 


FRACTURES AND DISLOCATIONS OF THE VERTEBRAL 
COLUMN 


Witir1am A. Rocrers, M.D. 


General Considerations.—Fracture of the vertebral column is common, 
comprising over 6 per cent of all fractures throughout the skeleton. Its 
importance is not confined to its effect upon bony structure and function, 
but includes the serious possibility of damage to the spinal cord contained 
within the column. Traumatic lesions of the cord are irreparable, and 
when at all extensive, are grave tragedies. Cord injury probably occurs 
not more often than once in 10 fracture-dislocations. 

In dealing with vertebral body injuries we must keep constantly in 
mind that the bodies are weight-bearing structures, the permanent defor- 
mity of which will seriously alter the statics of the column by changing 
the spinal curves. Thus altered, the abnormal curves subject ligaments 
and muscles to disabling strain. Failure completely to correct vertebral 
body deformity is responsible for more of the poor results so commonly 
seen than all other factors combined. It results in prolonged disability. 
The correction of the vertebral body deformity (reduction) has during 
the past few years been perfected to such a degree that the traumatic sur- 
geon may deal with this injury confident of success, provided he carries 
out thoroughly each step in the treatment. For the steps in the develop- 
ment of treatment see the original articles by Davis, Rogers,? Dunlop,® 
Jones,* Brookes,® Crutchfield,® Hoen,’ and Bohler,* and among the earlier 
contributors, Walton® and Taylor.?® 

The most severe injuries are found in the mining districts from land- 
slides and cave-ins. On the other hand, great violence is not necessary to 
cause vertebral fracture, and relatively minor traumata are commonly re- 
sponsible. Falling upon the buttocks but a few feet when the spine is flexed, 
ordinarily sleigh coasting or tobogganing over irregular ground while in the 
sitting position, and merely the act of suddenly arising when the bone is 
atrophied from malnutrition illustrate relatively minor violence which may 
produce fracture and increases the diagnostic responsibility of the surgeon. 
Knowledge of these common possibilities and a careful history taking and 
examination, clinical and radiographic, are the only means of escape from 
diagnostic blunders. 

No age is exempt. Vertebral fracture is not common in the first two 
decades, most common in the third and fourth. 

Classification.—Because of major differences in importance, in etiology, 
and in treatment, fractures of the vertebral column may be divided into 
the following groups: 

1. Fracture of the vertebral body, commonly accompanied by fracture 

of the posterior bony structure. 
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2. Dislocation of the vertebra, commonly accompanied by fracture of 
the body and of the posterior bony structure. 

. Fracture and dislocation of the atlas and axis. 

. Fracture of the transverse process. 

5. Isolated fracture of the spinous process, articular process, lamina, or 

pedicle. 
6. Spondylolisthesis. 
7. Traumatic lesions of the spinal cord (Chapter XXITI). 
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FRACTURE AND DISLOCATION OF THE DORSAL AND LUMBAR VERTEBRAL 
BODIES 


Etiology.—The common immediate cause of the injury is a force which 
flexes the column and at the same time compresses it longitudinally. 


Either of these two effects may predominate. That portion of the column to which the 
force is applied is driven toward a fixed portion until the limit of compressibility is reached 
in the intervening vertebrae and one or more centra are crushed or dislocated. 





Fig. 490.—Dislocation, spontaneously reduced, of sixth upon the seventh dorsal vertebra. 
There is complete rupture of all binding ligaments and the disk is shattered. There can be found 
no fracture or dislocation of the vertebrae. A large fragment of disk tissue and a collection of 
blood clot are lodged between the dura and the posterior wall of the vertebra above. This mass 
presses upon the crushed cord. Marked dislocation of the vertebra above must have occurred 
momentarily, replacement having taken place through the recoil of the column when the force 
was spent. A, Vertical section through median line. The patient, aged forty-three, had re- 
ceived no treatment for this injury of the column, the condition having been discovered at 
necropsy. Death was primarily due to fracture of the skull incident to a 40-foot fall. Note 
complete rupture of anterior longitudinal, posterior longitudinal, flaval, interspinal and supra- 
spinal ligaments. B, Same as A, except vertical section is through the posterior articulations of 
one side. Note the complete rupture of the articular capsule. 


Great violence is not necessary to produce the fracture. The usual history is of one of 
the following accidents: 

1. A fall, the patient having landed upon the feet or buttocks, or upon the head, neck 
or shoulders. 

2. An automobile accident, the patient having been flung against the car or the ground. 

3. A dive into shallow water, the patient having struck the back of the head or neck 
upon the bottom. 

4. A blow, a heavy object falling upon the head, neck or shoulders when the spine is 
flexed. 

Such accidents so frequently result in this injury that the burden of proof rests with the 
. surgeon that fracture is not present when a history of one of the four is given. 
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Rarely this fracture is produced by muscle action alone, as by powerful contraction of 
the trunk flexors suddenly unopposed, or during the spasms of tetanus. 

Hyperextension fractures of the centra may very rarely occur. 

Gunshot and other penetrating wounds are the only instances of direct violence producing 
this type of fracture. 

Predisposing factors include the rarefaction of the bone due to defective metabolism or 
senility, or bone absorption from malignancy or other pathologic conditions. 


Pathology.— (a) Early Changes.—Since the fracturing force exerts longi- 
tudinal compression and at the same time bends the column in flexion 
(forward or laterally), the disks and bodies will be subjected to pressure, 





Fig. 491.—Vertical section of specimen of fracture. The patient, woman of forty-five, fell 
40 feet, fracturing both ossa calcis and the second and fourth lumbar vertebrae. She never fully 
recovered from shock. 


the posterior ligaments to stretching. One or both of the former may be 
crushed, the latter ruptured. If then the force is not spent the vertebra 
above the fracture will be driven downward toward the concave side of 
the bent column, tear loose, through rupture of the muscles and ligaments 
or fracture of the posterior bony structures, and dislocation will occur. In 
the severe injuries portions of the spinal erectors may rupture, or these 
muscle groups may be torn completely across, and the tear include their 
fascial sheaths. If displacement is great enough the cord will be com- 
pressed. Occasionally dislocation occurs without body fracture. In these 
cases the disk is fractured. 
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Fig. 492.—The lumbar vertebrae. The centra are the largest, their anterior vertical thick- 
ness slightly greater than the posterior, and the epiphyseal rings more prominent. The ar- 
ticular process facets, while somewhat curved, are in a plane very nearly anteroposterior which 
permits free flexion-extension but limited rotation and side bending. All the processes are 
massive. ‘The spinous processes are rather long and project almost directly backward to afford 
through the ligaments effective check to flexion. The lumbar disks are the thickest, consistent 
with the great load upon this region, its powerful muscles and the free mobility. The nucleus 
pulposus, Fig. 511, lies somewhat back of the center of the vertebral body. 








Fig. 493.—The dorsal vertebrae. The centra are very much smaller than in the lumbar 
region, are slightly deeper posteriorly, and the epiphyseal rings less prominent. Many factors 
combine to give to this region its rigidity. The posterior articulations are very nearly vertical 
in the frontal plane, permitting but little motion other than rotation. The posterior portion of 
the neural arch and the spinous process of each vertebra overlap considerably these portions of 
its fellow below. The spinous processes are the longest and project downward and backward at 
an acute angle limiting extension. The disks are thinnest here, and the nucleus pulposus lies 
somewhat forward of the position it occupies in the lumbar region. With this portion of column 
the ribs articulate through facets on the transverse processes, centra and intervertebral disks. 
Each of the rib articulations is heavily reinforced with ligaments, which also bind together the 
adjoining vertebrae (Fig. 495). So constructed, it is not surprising that the chief characteristic 


of the dorsal region is its rigidity. 





Fig. 494.—The dorsolumbar vertebrae. These vertebrae, the twelfth dorsal and first lumbar, 
are transitional both in structure and function, possessing in modified degree the characters of 
each region. Here a remarkable degree of flexibility is obtained in flexion, extension, rotation 
and side bending. It is the region most frequently fractured. 
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The actual damage to the bones, disks and ligaments in these injuries 
often exceeds the damage apparent in the radiographs. This is due to the 
recoil of the column at the moment the damaging force is spent. This 
recoil is the result of the inherent elasticity of the column imparted by the 
uninjured disks and to the involuntary contraction of the erectors extend- 
ing the spine. The occasional extensive damage to the cord, disks and 
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Fig. 495.—A, Anterior longitudinal and radiate ligaments. B, Flaval, interspinal and posterior 
longitudinal ligaments. (Sobotta and McMurrich.) 


ligaments (Fig. 490) without fracture can be explained only in this way. 
Spontaneous reduction after dislocation occurs more often in the cervical 
and lower thoracic regions. 

Any of the twenty-four vertebrae may be fractured. Those most com- 
monly involved are the fourth, fifth, and sixth cervical, the twelfth thoracic 
and the first lumbar. 
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Because of definite differences in clinical behavior, I have divided these injuries into 
six groups. 

Group I. The simple compression fracture. The centrum or body has been compressed 
into a moderate wedge shape. The end-surfaces of the centrum are not involved. The disk 
is intact. Reduction may be safely and easily accomplished, the recovery, anatomic and 
functional, virtually complete. This fracture is very common. 

Group II. The compression fracture with fragmentation of the centrum. This is very 
common. The body is not only compressed into a wedge shape but a portion of it, usually 
the upper, is fragmented. The cartilaginous end-plate is broken and the disk ruptured. The 
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posterior bony wall is intact. The shape of the centrum may be restored safely and easily 
by hyperextension. The disorganization of the disk will result in loss of function and nar- 
rowing of the intervertebral space since the disk will undergo replacement fibrosis. Results 
of proper treatment of this fracture will be very good if the cord is not damaged. 

Group III. Fracture of the centrum involving the posterior bony wall. This is uncom- 
mon. In addition to the compression and fragmentation found in Group II the posterior cor- 
tex and spongiosa is similarly injured. Any backward displacement of bone or disk fragments 
may cause cord or root injury. Reduction by hyperextension is not without risk to these 
structures and if attempted should always be accompanied by powerful traction. It should 


30 


466 FRACTURES AND DISLOCATIONS OF VERTEBRAL COLUMN 


be performed slowly and upon a conscious patient. Early weight-bearing should not be per- 
mitted (Fig. 491). 

Group IV. The central compression fracture—not uncommon. The nucleus pulposus 
has been driven by compression into the core of the centrum to produce a saucer-shaped de- 
formity. One or both disks are shattered. Restoration of shape of the crushed vertebra by 
extension is very imperfect, but the intervertebral space may be restored. Angulation of the 
column is slight, bone bridging common, and end-results under proper treatment good 
(Fig. 497). 


















































Group V. The rare extension fracture. This fracture has been demonstrated by Jones.* 
Violent hyperextension ruptured the anterior longitudinal ligament, the ends of which, above 
and below the rent, tore apart the centrum. Reduction was effected by flexion. 

Group VI. The dislocation group—always dangerous to cord and nerve roots, at the 
time of injury, during transportation, before and during reduction (Fig. 498). Reduction 
whenever possible should be effected with the patient conscious. Closed manipulative reduc- 
tion may be successful—open reduction is safer and surer. Dislocation may be accompanied 
by any of the centrum fractures. 





A B c 

Fig. 498.—A, Specimen. The twelfth dorsal vertebra, with its disks above and below, has 
been extensively crushed and fragmented. The spinous, flaval and posterior longitudinal liga- 
ments have been ruptured. The articular and anterior longitudinal ligaments have been torn, 
and the eleventh dorsal vertebra displaced downward and forward. The angulation of the 
column is not marked but the caliber of the canal is lessened. The cord is crushed. The man, 
aged forty, was found unconscious with an extensive cranial injury, and died soon afterward. 
B, Anteroposterior radiograph of A. C, Lateral radiograph of A. 


(6) Late Changes—Changes in structure resulting from fracture may 
go on in the column for years. These are found in all cases. They are 
maximum when treatment has been inadequate, minimum when treatment 
has been carried out correctly. 
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They include: (1) replacement fibrosis of the damaged intervertebral 
disk or disks with subsequent narrowing of the involved intervertebral 
space under the influence of weight-bearing; (2) proliferative bone changes 
at the margins of the end-surfaces of the bones, and increased bone den- 
sity at the end-surfaces; (3) calcification of the ligaments may occur and 
result in complete or incomplete bone bridging across what was formerly 
the intervertebral space; (4) prolapse of the nucleus pulposus may occur 
into the centrum when the herniated portion will become surrounded by 
a wall of bone, denser than the spongiosa, which can easily be identified in 
well-taken radiographs; or some of the disk elements may become ex- 
truded posteriorly and give rise to nerve root symptoms—a very uncom- 
mon finding; and (5) cord or nerve root pressure may arise from excessive 
callus which has developed where fragments are not reduced, and fixation 
neglected. With alteration of structure there will ensue change of func- 
tion in the form of loss of adaptability to the changing stresses of daily 
life, lowered resistance to wear and tear, and in many cases loss of motion 
between involved vertebrae. These changes vary in time of appearance 
and in extent with age, occupation, the previous condition of the column, 
the extent of the damage and the efficiency of the treatment. 

The following tabulation, taken from a series of 31 cases of vertebral 
body fracture occurring in a large community of diversified industry, de- 
scribes the occurrence of these late local changes.” 


Per cent. 
WNarrowingsolintervertebrali spaces aetna wera ie oe ee 85 
Spurring (proliferative bone changes) (these appeared as early as five weeks and 
asplatesasourancsastialiey Cars) beaten emer ree aos soe kn ee te 60 
Calcification of ligaments resulting in complete bone bridging............... 40 
Prolapse into the centrum of the nucleus pulposus.......................-- 30 


(c) Union of Bone—Apparently this occurs invariably provided fixa- 
tion is adequate (see Kiimmell’s Disease, p. 167). The rate of completion 
of the bone reorganization to the point where weight-bearing is possible 
varies between three and seven months with an average of four months. 

Symptoms and Diagnosis.—(a) Without Cord Injury—The diagnosis 
is made from the history, the physical examination and the radiographs. 
The history suggests the diagnosis. Pain may be localized to the region 
of the spinous processes about the fracture and “deep in” at the level of 
the fracture with or without a sense of girdle constriction, or it may be 
diffused over a considerable part of the back. Pain may be referred along 
part or all of the corresponding peripheral nerve segments. There will be 
more or less surgical shock. Muscle spasm in the back and abdomen is 
usually marked. The angulation of the vertebral column at the site of 
fracture is much less apparent than the radiographs indicate. Local ten- 
derness and thickening at the spinous processes about the fracture are 
common early findings. Motions should not be tested. 

(b) Symptoms Due to Cord Injwry—When the cord is injured, there 
is paralysis, both motor and sensory, below the level of the lesion. This 
may be partial or complete. When paralysis is complete the muscles are 
flaccid and the tendon reflexes absent. Later, if the cord lesion is partial, 
this may change to spasticity with increased reflexes. There may be tem- 
porary suppression of urine, or retention of urine and feces, followed by 
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incontinence. The urinary tract may become infected which may ulti- 
mately lead to death. A narrow girdle of hyperesthesia may exist immedi- 
ately above the upper limit of anesthesia. Vasomotor failure with elevated 
surface temperature may occur and with it priapism if the lesion is above 
the first lumbar vertebra. Bed sores may occur in spite of the best nurs- 
ing care, and the skin upon dependent parts may slough. For respiratory 
symptoms, see Injury of the Cervical Cord, page 171. When paralysis is 
partial the Brown-Séquard syndrome may be found but usually the charac- 
ter and degree of the motor and sensory change is very irregular. Bladder 
and rectal control may not be completely lost. 





Fig. 499.—The spinal cord in transverse diameter is very much smaller than the lumen of 
the canal. While this interval varies at different levels it is always considerable. To this cir- 
cumstance more than any other is due the large factor of safety which the cord possesses. This 
space is occupied by: the three cord and nerve root investments, the pia, arachnoid and dura. 
The outer coat, the dense fibrous dura, is separated from the canal walls by a layer of areolo- 
fatty tissue permeated by venous plexuses and lymph sinuses and canals. It is adherent to the 
wall of the canal only at the upper three cervical segments, below to the coccyx by the filum 
terminale externum, and anteriorly by loose fibrous connections to the posterior longitudinal 
ligament. The middle coat is the filmlike arachnoid. In the subarachnoid space is the cerebro- 
spinal fluid which separates the arachnoid from the pia. The fibrous pia is the immediate invest- 
ment of cord and nerve roots. Both arachnoid and dura end at the upper sacrum. 


In nerve root injuries, disturbances in sensation and flaccid paralysis 
may be found in the distribution of the corresponding peripheral nerve, 
with or without lancinating and neuralgic pain. 

(c) Radiographic Diagnosis—The radiographs confirm the diagnosis. 
They must be taken in both anteroposterior and lateral planes and must 
include the entire dorsal and lumbar column since remote fractures may 
be present and one or more of them may be silent. The radiographic study 
should also include the lumbosacral junction for local factors predisposing 
to strain, since this region suffers most from faulty spinal mechanics, al- 
tered through deformity incident to fracture of the vertebral body. 
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In arriving at a radiographic diagnosis the following points should be 
carefully noted: 


1. (a) Loss of concavity of the anterior surface of the vertebral body; (b) zone of in- 
creased bone density; (c) intestinal gas patterns suggesting ileus. 

2. Lateral and anterior wedging of the centrum. 

3. Fragmentation of the end surface of the centrum. 

4. (a) Narrowing of the adjacent intervertebral space; (b) narrowing of the other inter- 
vertebral spaces. 


5. The condition of the posterior bony structures, 2. e., the spinous and articular processes, 
the laminae and pedicles. 

6. Crushing of the posterior wall of the body. 

7. Anterior and lateral dislocation of one vertebral body on another. 

8. Spurring (proliferative changes) . 

9. Defects in the lumbosacral region. 


Points 1 (a) and 1 (6) are present in all cases and seem diagnostic; point 1 (c) is frequent 
in very recent cases; point 2 gives an estimate of the derangement of the mechanics of the 
back and is important from the standpoint of fixation; points 3 and 4 indicate the degree 
of disorganization of the intervertebral disk; points 5, 6 and 7 give an estimate of the factor 
of cord safety from the standpoint of reduction, and points 8 and 9 are important in prog- 
nosis and may indicate a back already predisposed to strain. 


(d) Complicating injuries must not be overlooked. Not uncommonly 
the os calcis,* the pelvis, the sacro-iliac joints, the transverse processes, 
the ribs and the sternum share with the vertebral body the effect of the 
trauma. 

TREATMENT 


Emergency Care.—When fracture or dislocation is suspected the patient 
should be very carefully rolled, where found, onto a rigid stretcher (Fig. 
500), door, blind, planking, ete., which has been padded with blankets or 





Fig. 500. 


other such material. In rolling, great care should be exercised to avoid 
twisting or flexing the body. These cases should never sit up. _ They 
must be placed face down upon the rigid carrier and be transported in this 


* Dr. Otto Hermann, in his series of 170 cases of fracture of the os calcis, finds 1 in 10 
complicated by fracture of the vertebral body. Jour. Bone and Joint Surg., XIX, 3, July, 1937. 
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position. The arms are folded under the head. If there is paralysis, all 
hard objects should be removed from the clothing such as buttons, tools, 
etc., since these may start pressure sores in paralyzed areas. 'Transporta- 
tion, preferably to a well-equipped hospital, should be as quick as possible.* 

Prereduction Care.—If shock is present, morphine, warmth, and intra- 
venous saline-glucose should be administered immediately. In the pres- 
ence of paralysis the lower limbs should be heavily padded with sheet 
wadding and protected with Cabot or similar splints. Hard or uneven 
pressure on the affected parts should be avoided from the start and the 
skin kept scrupulously dry and clean. Otherwise pressure sores will de- 
velop or sloughs occur at dependent portions. For further details in the 
care of the paralytic, see Chapter XXIII. As quickly as justified the 2-rays 
are taken. If the 2-ray technicians are not well trained in the moving of 
these patients into the standard positions, the surgeon should be present 
to direct. 

The injured should be placed in a supine position in a bed equipped 
with boards between the springs and mattress, or else upon a frame of the 
Bradford type. Narcotics are indicated for pain and the abdominal dis- 
tention so frequently present following these injuries. Catheterization is 
usually unnecessary since bladder control is soon reestablished when the 
cord is not injured. If the return of bladder control is delayed, enemata 
as a rule suffice to hasten its restoration as well as to aid in combating ileus. 

Reduction.—Time of Reduction—lIf{ symptoms of cord injury are pres- 
ent, reduction of fracture or dislocation should be carried out at once un- 
less shock definitely contraindicates it. If dislocation is present without 
symptoms of cord injury, reduction should be attempted immediately the 
diagnosis is established since there is always danger of cord damage in this 
group until reduction is complete. When shock has cleared up, usually in 
a few hours to several days, reduction in the fracture group may be effected. 
In the case of the latter injuries some surgeons prefer to await the dis- 
appearance of distention and bladder difficulties. Since these complica- 
tions may also follow reduction, the author has found it preferable to be 
guided by shock alone. Reduction should not be delayed more than a 
week or ten days at the longest. 

Mechanics of Reduction.—Fracture of the vertebral body is reduced 
by reversing the motion which produced it. Since hyperflexion and com- 
pression cause the fracture, reduction is effected through an opposite 
maneuver—extension and traction. The keynote of successful reduction 
is complete hyperextension of the dorsal and lumbar column, 1. e., to the 
absolute lumit of extension. By this means the crushed fragments of bone 
are drawn into position by the longitudinal ligament so as to restore the 
shape of the body. The torn ends of the posterior ligaments are approz- 
imated. Anything short of complete hyperextension will fail to effect re- 
duction. It is the last few degrees of extension which actually produce 
reduction. 

* On grounds of theory and practice it is preferable to use a stretcher rather than the 
blanket type now in use in some of the mines for the transportation of these cases. Where 
fracture alone is present the blanket is as good or better than the rigid stretcher but very 
much more difficult to handle. In some dislocations, however, extension is not without risk 


of cord injury. Since the two conditions cannot be differentiated without z-ray, it is safer to 
employ the rigid stretcher as routine. 
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Anesthesia—A general anesthetic should not be used. It is unneces- 
sary and deprives the surgeon and patient of assurance concerning the cord 
and roots during reduction. Morphine and scopolamine, by hypodermic, 
will produce sufficient muscle relaxation and allay the patient’s apprehen- 
sion. The dosage varies with the age and weight. For an adult (except- 
ing the old) of average weight, morphine % grain, and scopolamine %4oo 
grain, given twice, one hour apart should be satisfactory. 

Methods of Reduction—There are a number of efficient methods of 
producing spinal hyperextension. Only those should be employed which 
are under absolute control, do not require an anesthetic, and make possible 
the correct application of the plaster jacket. Among these are the ankle 
suspension, the flexible frame,” the sling traction,’ the Goldthwaite irons, 
and the table methods. The technics recommended in the text represent 





Fig. 501—Early reduction of simple crush fracture (dorsolumbar and lumbar) by means of 
the Goldthwaite irons. The irons are bent so that when they give under the patient’s weight 
they will fit the contour of and hold the back in complete hyperextension. Note the very slight 
upward concavity of the half of the irons on the observer’s left and the high upward convexity 
of the half on the right. The former receives the dorsal, the latter the lumbar region. The dis- 
tance between the uprights is the height of the patient’s torso between the high dorsal part of 
the back and a point just below midsacrum. The patient has been laid upon the irons and is in 
complete hyperextension. The felt pads, previously placed upon the irons, are in position over 
a stockinet shirt, ready for the application of the jacket. Application of the plaster jacket 
(for dorsolumbar and lumbar compression fracture). 


modifications of several of these. Each fulfils the requirements of a sound 
method, is very simple, and the apparatus is within reach of all traumatic 
surgeons. The problem of reduction in the lumbar region is very much 
easier than in the dorsal. A fracture three days old in any region can be 
more easily corrected than one unreduced for a week or longer. Fractures 
involving the posterior wall of the centrum require powerful traction dur- 
ing extension so that the posterior fragments will not be pushed backward 
against the cord or nerve roots during dislocation. 


I. FRACTURE, LUMBAR OR ELEVENTH, TWELFTH DORSAL VERTEBRAL BODY 
(NO DISLOCATION) 

The Ankle Suspension Method (Davis) (Fig. 502) —The patient, re- 

laxed by morphine-scopolamine, and with the trunk covered with a stock- 

inet, is placed face down upon a taut webbing hammock, 8 inches wide. 
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The ankles are heavily padded with sheet wadding and ankle slings ap- 
plied over this. A pulley block and tackle is fastened to the ankle slings, 
preferably by a spreader. The other pulley block is fixed to a point high 
above the lower legs.* The lower extremities are gradually raised by means 
of the block and tackle. This maneuver is carried out slowly, especially at 
the start to overcome muscle tension and with frequent pauses during 
which cord function may be checked by having the patient move the toes. 
Impending cord pressure during reduction is heralded by motor weakness 
in the lower extremities. Since general anesthetic is not used, injury to 
the cord during reduction can, therefore, be readily avoided. The limit of 
hyperextension is reached when the pelvis and lower abdomen have been 
raised several inches above the canvas sling, the thighs make with it an 
angle of about 45 degrees and lumbosacral backache becomes persistent. 





Fig. 502.—Suspension method (Davis) for the reduction of crush fracture of the dorsolumbar 
and lumbar vertebrae. This is especially applicable in: (1) fractures of over five to seven days’ 
duration, and (2) fractures involving the posterior wall of the centrum. It may be tried in dis- 
locations in which there is no lateral displacement of the involved articular processes. The 
vertebral column is fully hyperextended. Note that the long axis of the thighs makes an angle 
of about 45 degrees with the horizontal and that the anterior superior iliac spines are about 6 
inches (a generous hand’s breadth) above the hammock. 


The reduction requires but a few minutes. Radiographs may then be 
taken while the patient is still suspended to confirm the reduction. When 
hyperextension has been carried to the physiologic limit, the fracture is 
commonly fully reduced and the angulation can no longer be seen or felt. 
Occasionally, however, this may not be the case. The period of suspen- 
sion should then be prolonged to overcome muscle spasm, and gentle 
manipulation of the trunk from side to side while the patient is still sus- 
pended or gentle downward pressure by the surgeon’s hands may be neces- 
sary to disengage impacted fragments. Reduction having been effected, 
the plaster of Paris jacket should be applied immediately. 

* It is unnecessary to employ a frame as illustrated. Provision for the webbing hammock 
is made in several of the commercial fracture tables; or it may be set up on the Bradford 


frame or stretched between ordinary tables. The block and tackle may be fixed to. any over- 
head point which is strong enough. 
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_ The Plaster Jacket——The plaster of Paris jacket (Fig. 503) is applied 
with the spine in complete hyperextension while the patient is suspended. 
A shirt or stockinet covering should be applied before the patient ‘is 
placed on the hammock. This will now be ready for use. A piece of 
72-inch felt is used to cover the back from the lower angles of the scapulae 
to midsacrum. A band of felt 14 inch thick encircles the pelvis and an- 
other the upper chest to protect the iliac crests, and ribs and sternum, 
respectively. Over these are applied the plaster of Paris bandages, snugly, 
until the jacket is about 4% inch thick. The plaster is then allowed to dry 
and is trimmed so that, in front, it extends from the suprasternal notch to 
just below the anterior superior spines; behind, from the lower angles of the 
scapulae to midsacrum. The hammock is cut and withdrawn. After 





A B 
Fig. 503.—The plaster jacket for compression fracture and dislocation of the dorsolumbar and 
lumbar vertebra. A, front; B, side. 


twenty-four hours, when the plaster has dried thoroughly, a window may 
be made in the jacket opposite the epigastrium. This adds to the com- 


fort without loss of efficiency of the jacket. 
Plaster Shells—Some cases unsuited to plaster jackets because of ma- 
jor complications elsewhere may be adequately fixed by plaster shells. 


Preparation—The dorsal half of the trunk and the moderately abducted thighs are 
covered with a piece of sheet wadding. A single layer of %4-inch felt is placed over this, 
molded by stretching so as to fit the parts accurately. Its snug application to the body 
may be secured by wrapping with a few turns of loose gauze bandage. Six-inch plaster of 
Paris bandages are then applied smoothly over the felt by two operators so as to cover it 
completely with a layer of plaster, shaped accurately to the body surfaces and uniformly about 
3% inch in thickness. Three reinforcements of 4-inch plaster bandaging, about 4 inch thick, 
are laid upon this, lengthwise, one along either side and one along the midline. The entire 
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surface is then covered with a few layers of the plaster bandage to bind the reinforcements, 
and smoothed. The shell is removed, trimmed and dried. 

The anterior shell is made in the same manner. During its preparation the patient lies 
in the dorsal shell. It is equipped with a window beneath the perineum for convenience. 

The patient is safely and easily changed from one to the other by fastening the shells 
together with trunk straps. Thus supported, the patient can be turned after which the shell 
not in use is removed. 


After-care-—As quickly as the plaster jacket has hardened sufficiently 
to prevent buckling, the patient is placed in bed, lying on one side, and 
this position should be maintained for several hours when the better grades 
of plaster of Paris will have dried thoroughly. -A correctly applied jacket 





Fig. 504.—Showing fracture to which ambulatory treatment is suited in this type of jacket. 
The fractured vertebra (or vertebrae) is situated in a portion of the spinal column which is 
convex forward. Such a vertebra in the erect attitude and extreme hyperextension of the column 
receives the superincumbent weight on the intact posterior portion of the body. (Archives of 
Surgery.) 


will allow the patient to move about freely in bed without loss of correc- 
tion. Morphine is usually not required. Codeine and sedatives may be 
indicated. The diet should be restricted as a rule to fluids only, for 
forty-eight hours after reduction. In spite of this, adynamic ileus may 
occur. Lying in the prone position and enemata will usually correct this 
in a day or two. Stubborn ileus and even gastric dilatation have occurred, 
requiring that the jacket be split lengthwise in the median line anteriorly 
or bivalved and the anterior half removed. Uncommonly there may de- 
velop in the very thin.a sense of suffocation shortly after application of 
the jacket. This can at once be overcome by splitting the jacket anteriorly. 
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When the patient has become accustomed to the jacket, usually in a 
few days, exercises are started, and if the fracture is such that it is jus- 
tified, the patient is allowed to be ambulatory. 


Ambulant vs. Recumbent—The patients in whom ambulatory treatment in this jacket 
is applicable are those in whom the fractured vertebra or vertebrae are situated in a portion 
of the column which is convex forward, as the second, third, or fourth lumbar segments. 
Occasionally, the anterior convexity extends as high as the tenth or eleventh dorsal segment. 
Such vertebrae, in extreme hyperextension of the column, receive the superincumbent weight 
on the posterior portion of the body (Fig. 504). Radiographs taken through the jacket, 
forty-eight hours after the patient becomes ambulatory, will test the efficiency of the jacket 
and should be taken as a reasonable precaution or where doubt exists concerning the ad- 
visability of allowing the patient to be up and about. All activities possible with the jacket 
should be encouraged since they are of the greatest value from every standpoint. Some 
ambulatory patients, when overtired, experience lumbosacral backache or even pain in the 
gluteal region, thigh and calf. Curtailment of the more strenuous activities controls these 
complications. 

Patients definitely unsuited to ambulatory treatment in this jacket are those whose 
fractures lie in the anterior concavity of the column (thoracic region). This concavity in 
some spines extends as far down as the second lumbar vertebra; hence no definite dividing 
line can be set, but each case must be determined according to the stresses to which the 
fractured vertebra will be subjected in the hyperextended position. Patients whose fractures 
have resulted in crushing of the posterior portion of the centrum or in much lateral wedging 
are obviously not suited to ambulatory treatment. Furthermore, failure is apt to follow 
such practice in obese persons, if their weight is not watched closely, and indeed all patients 
receiving ambulatory treatment should be carefully checked for loss of weight sufficient to 
allow flexion. A jacket which for any cause is loose should be removed and a new one applied. 


Period of Fiaation—Varying with the extent of the bone injury fixa- 
tion should be continued for three to six months—with:an average of 
four months. Upon removal of the jacket, a back brace is applied. 





Fig. 505.—Back brace worn during the phase of posture and muscle rehabilitation following 
jacket fixation. 


Back Brace.—The brace is of the Taylor or Knight type (Fig. 505), and extends from 
well down on the sacrum to the shoulders. It must be frequently readjusted as the contour 
of the back is corrected by exercises, and should at each adjustment be fitted so that it will 
remain comfortable and in place. Inasmuch as it allows considerably more motion in muscles, 
ligaments and joints than the jacket, yet offers definite support to the torso and restraint 
against the wider arcs of trunk motion, it provides an excellent aid during the transition from 


the rigid jacket to the withdrawal of all support. 
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The back brace is worn for about four weeks whenever the patient is ambulatory. It 
should not be worn when the patient is in bed. Its use enables joints, ligaments and muscles 
to regain their resilience without unnecessary strain. 

Exercises.—Active spinal extension and abdominal retraction should be started as regular 
exercises within a few days of reduction, and the patient be made to understand that these 





Fig. 506.—Lumbar flexion—given as an exercise to stretch the lumbar soft parts contracted 
after prolonged fixation in hyperextension. 
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Fig. 507.—A, Correct posture. B, Faulty posture. C, Dorsal fracture, uncorrected, causes 
exaggeration of the normal spinal curves. Muscles and ligaments are then used under conditions 
to which they are not adapted. Easy fatigability and backache, usually at the lumbosacral 
junction, are common and often disabling. The pelvis and hips are used as in faulty posture. 
D, Mid or lower lumbar fracture, uncorrected, is compensated for by extreme dorsal extension 
above, while below the lumbar vertebrae are carried in the flexed attitude, the pelvis in the ex- 
treme vertical position and the hips extended. Backache is common and often disabling. Easy 
fatigability is complained of. E, In older individuals with stiff vertebral joints compensatory 
curves are not possible. The tiresome forward bent attitude with flexed hips and knees is used. 
F, In old people with slight hip motion and stiff backs a cane is necessary. 


are essential elements in the treatment. They should be instituted as routine. At the start 
each is performed five times at every exercise period of which there may be five. The muscle 
contraction is carried out in a purposeful manner to the limit of the capacity and is held 
during five slow counts. The number of contractions is slowly increased until each is per- 
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formed ten times at each session and held for 10 to 25 slow counts. Done in this manner the 
muscles will become adequate to demands by the time all fixation is removed. 

Upon the removal of the jacket at the end of the period of bone and ligament repair, 
the deep lumbar lordosis necessary to reduction and its maintenance will be apparent as a 
fixed postural deformity, which, if not removed, will become habitual. This extreme postural 
fault may in itself lead to disabling backache so that its elimination becomes of great im- 
portance. This is effected by two means: (1) Exercises and (2) the use of the back brace 
described above. 

The exercises consist in lumbar flexion, dorsal extension, and pelvic rotation toward the 
vertical (Figs. 506, 507, 508) and should be. taken with routine and precision. 

As the lordosis diminishes under the correcting influence of the exercises and the cultiva- 
tion by the patient of the habit of correct posture, the brace must be frequently adjusted 
to the improved spinal curves. The importance of maintaining muscle tone and of restoring 
the normal posture cannot be overemphasized. Failures in treatment are due to neglect in 
this respect more than to any other single factor. It is a not uncommon experience to see 
patients complaining bitterly of disability due to low backache where excellent reductions 
were obtained, fixation was adequate, and bone and ligament repair complete yet whose 





A . B 
Fig. 508.—Dorsal extension—given as an exercise to teach correct posture. A, Relaxed in 
extreme flexion. B, The cervical and dorsal regions are extended while the lumbar spine remains 
flat. 


muscles were atrophied and stiff and whose deep lumbar lordosis had remained. Once estab- 
lished this unnecessary condition may be corrected by the employment of the exercise men- 
tioned above aided by a low back belt or corset but at the cost of several months’ time and 
much discouragement. 


II. DORSAL VERTEBRAE (ABOVE THE ELEVENTH) (NO DISLOCATION) 


Treatment.—General Considerations —Fractures of the upper ten thor- 
acic vertebrae are very much more difficult to reduce than all others and 
require to this end a different technic. The rigidity of this section of 
the column, constant in spite of injury and imparted by the thoracic cage, 
the costovertebral ligaments, the posterior bony processes and ligaments, 
the shape of the centra and thinness of the disks, is the cause of this diffi- 
culty. The mechanics of reduction are the same except that the forces 
employed in correction must be very much greater. 

Minor deformity of the thoracic vertebrae is apparently very well 
compensated for by the column as a whole. For this reason, the surgeon 
may elect to accept such minor deformity, especially in those whose cus- 
tomary activities are not strenuous, rather than subject the patient to the 
force usually necessary to effect reduction-in this region. The fractured 
bone and torn ligaments should be protected with a plaster jacket, as 
described in the following paragraph, whether reduction is effected or not. 
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Reduction and Fixation —Of the various successful methods the follow- 
ing is preferable? (Fig. 509). A method as satisfactory as that illustrated 
in Fig. 509 is to place the patient, prepared for reduction with morphine- 
scopolamine and covered with stockinet from the head to the upper 
thighs, supine upon a table with the occiput resting upon a small table or 
instrument stand adjoining. A canvas sling, 6 inches wide, is passed un- 
der the chest beneath those segments of the thoracic spine immediately 
below the level of fracture. The sling is fixed to a spreader, block, and 
tackle, and by means of the latter is slowly raised until the column is sus- 
pended at a point just distal to the fracture. That portion of the table 
which is beneath the trunk and buttocks is removed. The elevated arms 
are held by assistants or by the patient grasping the table at the head. 
In this way the weight of the body above the fracture imparts extension 
and traction. It may be necessary for the surgeon to make use of man- 





Fig. 509.—Reduction of simple fracture in the dorsal vertebrae (upper ten) by means of ex- 
tension. Greater force is necessary than in the lumbar or cervical regions. Gravity acting upon 
head, neck and dorsal spine above the fracture provides the extending force. Countertraction 
is applied by the canvas sling easily regulated by the block and tackle. The jacket is applied 
immediately reduction is demonstrated, and should include the chin and occiput. 


ual traction on the arms or downward pressure upon the upper chest and 
the shoulders in order to effect reduction. If dislocation is present in 
the upper ten thoracic segments of the column, this form of reduction, 
indeed all methods, are not without real and considerable risk of injury 
to the cord during reduction because of the comparative ineffectiveness of 
traction, the locking of the articular processes, the difficulty of applying 
the corrective forces slowly and under complete control, and the circum- 
stance that the vertebral canal is smallest in this region (see Dislocation, 
p. 484). 

When reduction has been effected, as disclosed by lateral radiographs, 
a jacket is applied in the manner described above, but it must, in addi- 
tion, be made to include the neck, chin, and occiput. The chin, occiput, 
and thyroid cartilage as well as the usual regions of the trunk are pro- 
tected with felt. The arms are left free. As quickly as the jacket is dry, 
the sling is cut and removed and the patient returned to bed. 
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After-care—Patients should be ambulatory in the jacket in order to 
preserve muscle tone and morale. The period of fixation is determined as 
in the lumbar fractures. Exercises are started early and are stressed (Figs. 
506, 508). The jacket may be followed in the lower thoracic fractures by 
a high backbrace (Fig. 505), in the fractures of the upper thoracic ver- 
tebrae by a leather Doll collar. 


III. FRACTURE WITH SERIOUS COMPLICATIONS 


Where other major fractures, extensive chest injuries, and visceral 
traumata are present complicating the vertebral injury, manipulative re- 
duction may not be possible. The use of the extension frame? whereby 
reduction of the vertebral fracture or dislocation may be accomplished 
without adversely affecting the other conditions is indicated. 

‘ 1. Apparatus.—Among other effective frames is that illustrated in 
ig. 510. 











Fig. 510.—Flexible frame (Rogers). A rectangular frame of spring steel bands, broad side 
horizontal, and adjustable as to width and length, is covered crosswise with strips of canvas 
drawn tightly. On this the patient is placed in the supine position. Extension of the back is 
obtained, under absolute control, by lowering the ends of the frame, the central portion under 
the dorsolumbar junction being fixed to a cross bar or yoke. Flexion of the back is obtained by 
raising the ends. The principle is that of a child’s see-saw board, which bends over a block 
when it is balanced at both ends. The correcting force is gravity, which produces extension and 
traction under complete control. The frame may be made to fit the standard hospital bed or be 
placed on wheels for convenience in moving the patient about. 


2. Procedure in Flexible Frame Reductions.—Morphine-scopolamine in 
divided doses is given prior to reduction. This allays apprehension and 
promotes muscular relaxation, but does not render the patient insensible 
to questioning. The lower extremities are exposed so that reflex changes, 
loss of voluntary muscle action and other manifestations of impending in- 
jury of the cord during extension may at once be detected. The ends of 
the frame are slowly and intermittently lowered in small increments until 
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Fig. 511.—Vertical section through the second lumbar intervertebral disk. 


Nore: 1, The centrally located nucleus pulposus; 2, the laminated concentric fibers of the 
annulus fibrosus, coarse and dense at the periphery, sparse and fine centrally; 3, the cartilaginous 
end-plates; 4, the important anterior longitudinal ligament, and 5, the dura, extradural space 
and the frail posterior longitudinal ligament. 





_ Fig. 512.—The hammock has been made to sag and the patient has been lowered into it to 
facilitate application of the jacket. This is also more comfortable. There has been no loss of 
extension. Suspension method—application of the jacket. The felt padding is in place. 
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the limit of extension is reached, varying widely with age, habitual pos- 
ture, type, proliferative changes, etc. Lateral radiographs are then taken 





Fig. 513.—Suspension method—application of the plaster of Paris jacket. 





Fig. 514.—A convenient collapsible frame for the reduction of dorsal and lumbar com- 
pression fractures and dislocations. Made of 1-inch galvanized steel pipe. Length, 84 inches; 
width 25 inches; height of upright, 64 inches; diagonal, 102 inches. Steel rod to adjust hammock 
equipped with crank, ratchet and pawl 15 inches from end. Block and tackle. Adjustable S 
hook. Taken down by unscrewing pipe. The hammock is of stout duck webbing 6 inches wide. 
It is fixed with adhesive to and wound several times around the cross pipe at the upright end. 
It is fastened at the other end to the adjustor rod by a slot and several feet of it are wound onto 
the rod by turning the crank. Any desired degree of tension in the hammock can be maintained. 
by the ratchet and pawl. Early reduction of simple crush fracture (dorsolumbar and lumbar). 
The patient has been placed prone upon the taut canvas hammock. 


with a portable a-ray unit. From a quarter of an hour to a week may be 
consumed in obtaining correction according to the demands of the indi- 
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vidual case. When complete reduction has been confirmed by radiograph, 
a jacket may be applied with the aid of Goldthwaite irons fitted to the 





Fig. 515.—Early reduction of simple crush fracture (dorsolumbar and lumbar). Complete 
hyperextension obtained by gradually releasing the canvas hammock. As the hammock sags 
the vertebral column is extended. The hammock is always under complete control of the sur- 
geon who operates it through the adjustor rod crank, and easily locks it at any degree of extension 
by means of the ratchet and pawl. 


extended back from beneath. To this end the canvas segments support- 
ing the lower dorsal and lumbar spine are removed while extension is 





Fig. 516.—Table method for the early reduction of simple crush fracture (dorsolumbar and 
lumbar). 


maintained with a sling until the irons are in place. If for any reason 
the jacket or plaster shells are contraindicated, the patient may remain 
upon the frame as long as conditions require. 


IV. KUMMELL’S DISEASE 


As originally described this condition refers to a gradual collapse of a 
vertebral body following injury, usually slight. Immediately after the 
trauma the vertebral body is alleged to show no evidence of fracture. 
Over a period of weeks or months, during which the patient is supposedly 
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free of pain, the centrum becomes progressively more deformed. Finally 
obvious angulation of the column is noted, and pain, both local and re- 
ferred, or even signs of cord or nerve root pressure may develop. It was 
formerly thought that the slow crushing of the vertebral body resulted 
from impairment of its blood supply at the time of injury. It is now 
generally regarded as a condition in which fracture of the body was orig- 
inally present, though undetected, and that too early weight-bearing with- 
out adequate fixation resulted in the gradual crushing of the body and the 
formation of excessive callus. When this condition is identified during the 
deforming phase, correction should be attempted by the same means that 
are employed in a fresh fracture, followed by a plaster jacket worn over 
a sufficient period of time to permit complete bone regeneration. During 
this period the patient should be ambulatory and the exercises emphasized. 
When the condition is presented with symptoms of cord or nerve root 
pressure, an attempt should be made to correct at least some of the de- 
formity, and laminectomy for the release of pressure followed by spinal 
fusion may be performed. 


V. OLD UNREDUCED FRACTURE 


Muscle and Ligament Strain—At the present time the surgeon is frequently called 
upon to treat these cases. A carefully taken history and thorough examination of the back 
will show that in most of the patients the symptoms are those of muscle and ligament strain. 
The erectores spinae and the spinal ligaments are the structures usually involved. The erec- 
tores may show atrophy of disuse. The radiographs will indicate that union of the bone is 
complete, but with definite deformity of the vertebral body and angulation of the column. 
A course of exercises, as described on page 476, persisted in for a period of three to six months 
during which time a low back belt is worn, will considerably lessen symptoms and rehabilitate 
most patients. The accident insurance experts are agreed in the opinion that the operation 
for spinal fusion in these strain cases has not proved successful. Obviously, this condition 
can be avoided at the time of injury by complete reduction, adequate fixation and exercises. 

Traumatic Arthritis of the Posterior Articulations——Far less common than those of 
the strain group are the cases in which the pathology can be definitely localized to the region 
of the posterior articulations. These reveal at operation typical traumatic arthritis, which 
has been allowed to develop through failure of reduction and through insufficient or too short 
a period of fixation. The symptoms are pain and tenderness localized to the region of the 
joint with or without pain in the corresponding peripheral nerve segment. Symptoms are 
aggravated by those motions which put the involved joint under tension. If the patient and 
the surgeon are satisfied that the symptoms justify it, spinal fusion may be done. Shells 
are used for two to three weeks following fusion after which a jacket is applied and worn by 
the ambulatory patient for four or five months. Exercises are started when the wound has 
healed and are continued throughout the convalescence which lasts six or seven months. 
Without fusion much can be accomplished with posture correction, exercises and a belt 
or corset. 

Intervertebral Disks (Fig. 511) and Neurologic Symptoms.—Cases showing symp- 
toms of cord or nerve root pressure which develop months or years after fracture and which 
are due to backward displacement of fragments of intervertebral disk are rare. They are 
suspected by the history and physical examination and may be confirmed by the fluoroscope 
and radiograph after lipiodol has been injected into the subarachnoid space. The latter technic 
is now being developed in various clinics and may prove invaluable. The treatment at 
present is operative, the fragment or fragments of disk being removed at laminectomy through 
either the extra- or transdural approach. Spinal fusion by the Hibbs technic and in addition 
the use of ample osteoperiosteal grafts should follow laminectomy in these cases. The opera- 
tion is prolonged and may be shocking, and the identification of the disk fragment often 
difficult because of bleeding. Those not highly trained in this type of surgery or otherwise 
fully equipped to do it should not attempt this operation. 

Spinal Fusion.—In considering the advisability of performing this operation for fresh 
injuries in these groups, it is well to realize that with the complete reduction now readily 
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obtainable and the adequate postreduction care, now well understood, over 85 per cent of 
these patients will fully recover without such operation, resuming their preinjury activities in 
a reasonable time and remaining well indefinitely (many patients so treated have been ob- 
served over a period of ten years or longer). To perform spinal fusion in acute cases without 
correction is to make permanent a deformity which weakens the entire column. Furthermore, 
experience up to this time indicates that spinal fusion performed shortly after correction to 
prevent the slight angulation of the column which ensues from the common loss of the inter- 
vertebral space may not accomplish its purpose. 


VI. DISLOCATION 


The reduction of lumbar and dorsal fracture-dislocation may be very 
much more difficult than that of simple fracture. Cord or root injury dur- 
ing reduction may easily occur as a result of neglect of the factors involved. 
Open operation has repeatedly demonstrated that the locking of the in- 
volved articular processes is the cause of failure in many manipulative 
reductions. The first step toward successful reduction is, therefore, an ac- 
curate determination by a-ray of the relative position of these processes, 
and whether or not they are fractured. Anteroposterior, lateral and ob- 





Fig. 517.—The locked articular processes have been disengaged by slight flexion until clear of 
each other, 


lique views should be taken immediately before reduction is attempted. 
It may be necessary to repeat these several times before the exact position 
of these structures can be determined. The surgeon may then proceed 
with reduction according to the following rules which I have evolved from 
my experience with this problem,? from a study of the cases reported in 
the literature, and from theoretical considerations. 

1. When the articular processes and the centra are in alignment in the 
anteroposterior plane. Proceed with reduction by extension as in the 
common wedge compression fracture, employing the ankle suspension 
method. It is very important that general anesthesia should not be 
used (employ morphine and scopolamine). The maneuver should be 
carried out slowly. This will enable the surgeon to detect cord or root 
pressure at once. The first indication of nerve pressure is diminished mo- 
tor power, sensation and reflexes in the lower extremities. If such changes 
become apparent, the attempt should be abandoned and the degree of ex- 
tension reduced to that which was present before reduction was attempted. 
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| Intense local pain at the site of the dislocation may suddenly arise during 
extension. This simply means that the articular processes are not engag- 
mg normally, and is a definite indication to abandon reduction by ex- 
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Fig. 518.—Mechanism of reduction of dislocation. (Group 2.) Rotation of the facets back 
into alignment. 


tension. If reduction is successful, the spine should be completely hyper- 
extended and the jacket applied. If extension fails, open reduction should 
then be resorted to. 
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Fig. 519.—Mechanism of reduction of dislocation. (Group 2.) The articular processes will engage 
normally and extension will be possible. 


2. Those in which the centra are in anteroposterior alignment but the 
posterior articulations of the dislocated vertebra lie to one side of their 
articulating fellows of the vertebra below. Traction-extension with this 
type is dangerous and will fail. Immediate open reduction is indicated. 
Local anesthesia should be used and the patient so placed upon the opera- 
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tion table that the dislocated vertebra is directly above the axis about 
which the ends of the table can be raised or lowered. This will permit 
flexion and extension of the spine during operation. The posterior articula- 
tions of the involved vertebrae will be found to be so firmly engaged that 
reduction is blocked. Binding articular ligaments are freed, when the 
processes may be disengaged and realigned with bone skid and clamp, 
supplemented by flexion, rotation, backward replacement and extension. 
If the surgeon fails in his effort to free the articulations, one or both of 
the lower pair of processes may be removed. When reduction is obtained, 
the column is placed in complete hyperextension, the wound closed and 
the jacket applied. In cord injury cases the jacket should be bivalved 
immediately to permit care of the skin, and Cabot or other similar splints 
should be applied to the well-padded lower extremities. The operation may 
be very difficult, is always dangerous, and should be attempted only by 
those thoroughly trained and equipped in spinal surgery. 

3. Where the centrum displacement is lateral, the articular processes 
are commonly fractured. In this case they will probably not lock to pre- 
vent reduction. Powerful traction and manipulative replacement medi- 
ally, with or without subsequent extension is indicated. This maneuver 
has been successfully accomplished by Fiirster, and others. 


THE CERVICAL VERTEBRAE 


General Considerations.—Injuries of the cervical vertebrae, as a group, 
are the most serious because of the danger of involvement of the cord. 





Pig. 520.—In the cervical region, the centra are smallest. The end surfaces are rather deeply 
concave, the upper from side to side, the lower from front to back, an arrangement which in- 
creases stability. Both surfaces are lower in front than behind. The plane of the posterior 
articulations is transverse, downward and backward, which allows considerable flexion-extension 
and rotation before motions are checked. The spinous processes are relatively long and stout, 
and project backward and downward at an angle much less acute than in the dorsal region. 
The entire posterior bony framework is relatively much larger. Each transverse process (except 
those of the seventh vertebra) is pierced by a large foramen for the vertebral artery. As in the 
umbar region, the cervical intervertebral disks are relatively thicker allowing free mobility. 


For this reason they should be reduced completely and without delay, and 
adequately fixed. Cord injury at any level usually results from one or 
more of three factors: (1) the pressure of displaced bone or of disk frag- 
ments, (2) stretching of the cord or dura, the degree of which varies with 
the vertebral displacement, and (3) the pressure of hemorrhage and edema 
within the canal. The first two factors cease to operate when reduction 
has been effected; the third is minimized when adequate fixation has been 
applied. 

The actual proportion of cord to bone injury in the cervical region has 
not been determined. Various factors make the liability of the cord to 
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injury greater in this region than in any other, and emphasize the impor- 
tance of immediate reduction and complete fixation. 

Etiology.—General Considerations—The etiology of cervical injuries 
differs somewhat from that of the rest of the column. The plane of the 
posterior articulations allows considerably more rotation than elsewhere in 
the column and hence greater liability to rotation injuries. Furthermore 
the cervical vertebrae, especially the atlas and axis, depend rather more 
for their safety against injury on the muscles and less on the ligaments and 
shape of the vertebrae. 

The common immediate cause of the injury is a force which flexes this 
region either forward or laterally and at the same time rotates it. Either 





Fig. 521.—The atlas and axis present wide variations from the lumbar, dorsal, and cervica 
patterns, their peculiar structure being necessary to meet special demands. The former engages 
the cranium, is the immediate support of the head, and through its articulation with the condyles 
of the occiput makes possible the nodding motion of the head, forward and backward. The 
rotation of the head is effected through the odontoid process of the axis, which serves as a pivot 
around which the atlas and cranium turn. The atlas is composed of two heavy lateral bone 
masses, one on either side, which represent the articular processes, pedicle and base of the trans- 
verse process fused into a single block of bone. These masses are joined, in front by a transverse 
bar of dense bone, the anterior arch, behind by a heavy ring of bone, roughly semicircular, the 
posterior arch.. The former is all that remains of the body of this vertebra. The latter is the 
analog of the neural arches. It is heavy and its foramen relatively large. It is devoid of a 
spinous process, thus permitting free cranial extension, and is deeply grooved on its upper sur- 
face near each lateral mass for the passage across it of the vertebral arteries. Immediately 
behind the anterior arch and articulating with it stands the odontoid process of the axis, a mas- 
sive upward prolongation of the body of the latter. It is weakest at its base which is the place 
where it is fractured. Embryologically this is the missing posterior portion of the body of the 
atlas. This important articulation is completed by the powerful transverse ligament. The 
inferior articular facets, like the superior, are placed at the extreme forward position of the ring 
and occupy most of the inferior surface of the lateral masses. They face downward and medially. 
The dependence of these joints upon the action of the cervical muscles for their integrity and the 
fact that they lie in a nearly horizontal plane explain the relative ease with which they may be- 
come dislocated. The axis in its inferior portion resembles the other cervical vertebrae except 
that its bifid spinous process is very large. It can be easily palpated as the first spinous process 
to be felt below the occiput. The superior articular facets are placed well forward on the massive 
body. The intervertebral disks as such are absent between the occiput and atlas and between 


atlas and axis. 


of these two effects may predominate. Great violence is not necessary. 
The usual accidents which produce these injuries are given under Eti- 
ology, page 461. 

A group of cases of cervical column injury, chiefly of the atlas and 
axis, has been recorded, the causes of which were unusual or rare. From 
the standpoint of their etiology, the true nature of the condition may very 
easily be overlooked. 


Unusual or Rare Causes—1l. A violent cough or sneeze where either muscle atony is 
marked or a toxic process has weakened the articulations during an acute infectious disease. 
2. (a) Inattention to the position of the head while the patient is relaxed under deep 


general anesthetic; (b) spontaneously, during sleep. 
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3. The so-called “treatment manipulations” of the neck. 

4. Contractures following burns. 

5. Muscle action alone during violent exertion. 

Predisposing Factors—Among these must be considered tuberculosis, osteo-arthritis, 
muscle weakness, and toxic arthritis. 

Hyperextension fractures or dislocations involving atlas and axis are definite entities, the 
head being forced violently backward upon the hyperextended neck. 


Pathology.—General Considerations—Dislocation is the conspicuous 
feature of these injuries. It is probably always accompanied by fracture, 
more or less extensive, although this is often difficult of demonstration in 
the radiographs. Ligaments are torn. Otherwise fracture or dislocation 
could not occur, because each vertebra is firmly bound to its neighbors by 
ligaments attached over virtually its entire surface. Displacement of the 
body of the vertebra or fracture of its end surface is accompanied by rup- 
ture of the disk. Spontaneous reduction of dislocation has been discussed 
under the pathology of the column as a whole. It seems to occur most 
often in the cervical and lower thoracic regions. It may explain cord in- 
jury in the presence of negative radiographs. Following it there remains 
extensive rupture of the disk and important ligaments. 

Dislocation is either rotary, forward, or backward in that order of 
frequency. 


Local Changes—When the force which produces the dislocation is rotary (Figs. 522, 
523, 524, 525) the centrum is turned upon that of the vertebra below in the direction of the 
force and one of the articulations is luxated. When the dislocating force results in violent 





Fig. 522.—Partial dislocation of fourth cervical on the fifth cervical with ligamentous tear. 


flexion the centrum is displaced forward and downward and commonly carries with it a small 
fragment from the upper anterior surface of the vertebra below. Both of the articulations 
may be luxated with or without fracture of the arch (Fig. 527) . 

When the arch breaks, the fracture line traverses either the lateral mass in the portion 
between the articular facets or well posterior near the base of the spinous process. According 
to Bohler the former is more common in the sixth, the latter in the third, fourth and fifth 
vertebrae (Fig. 527). 
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Backward displacements result from violent extension. Fracture or dislocation of the 
centrum im conjunction with fracture and displacement of the arch is found and occurs in the 
first and second vertebrae (Fig. 528). 

Pure fracture of the bodies of the cervical vertebrae may occur. In these cases the 
pathologic changes are the same as those found in the thoracic and lumbar regions. 





| er 
Figs. 523, 524.—Unilateral complete dislocation (Fig. 522). Lateral and posterior views. 
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Figs. 525, 526.—Bilateral cervical dislocation fracture of spinous process. Lateral and posterior 
views. 


The atlas and axis react to injury in the same way as do the other cervical vertebrae 
except that the odontoid process (dens epistrophei) may or may not fracture—a very serious 
complication since displacements may lead to cord injury and death. Unilateral rotary sub- 
luxation or dislocation of the atlas on the axis is the commonest injury (Fig. 529). 
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Flexion and extension dislocations occur which may be complicated by fracture of the 
bodies and arches (Figs. 528, 530). The arch of the atlas breaks at its base through the 
grooves for the vertebral artery, that of the axis through its interarticular portions. 





Fig. 527.—Bilateral dislocation and fracture of cervical vertebrae. 








Fig. 528. 


Cord and nerve root injury result from stretching, from the pressure of (1) extradural 
and intradural hemorrhage, (2) edema or (3) fragments of bone or disk, or from compression 
between (a) neural arch and centrum or (b) neural arch and the odontoid process. 
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Fig. 530. 


Incidence —The frequency of involvement of the various cervical vertebrae is given in 
Brooke’s series of 65 cases as follows: 
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Classification.—The fracture-dislocations of the cervical column may be 
grouped as follows: 


Atlas-axis —1. Rotary dislocation of atlas upon axis with or without 
fracture of the odontoid process. 
(a) Unilateral—partial or complete. 
(6) Bilateral—partial or complete. 
2. Flexion dislocation (forward) of the fractured atlas upon the axis 
with or without fracture of the odontoid process. 
3. Extension dislocation (backward) of the fractured atlas and axis. 


All cervical vertebrae. 
4. Fracture-dislocation. 
(a) Unilateral—partial or complete. 
(b) Bilateral—partial or complete. 
_ §. Fracture of the vertebral body with or without fracture of the pos- 
terior bony structure. 
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Symptoms and Diagnosis.—General Considerations —T he history of an 
accident such as described under Etiology followed by pain and stiffness of 
the neck should immediately arouse suspicion of cervical fracture-disloca- 
tion. When signs of cord pressure are present the diagnosis and the level 
involved may be at once apparent. In the absence of cord symptoms the 





Fig. 531. 


surgeon must proceed to a clinical diagnosis from the region of local pain 
and tenderness, the region of referred pain, the position of the head, and 
from palpable deformity. The clinical diagnosis should at once be con- 
firmed by the a-ray. Tuberculosis, torticollis, lymphadenitis, etc., and 
congenital anomaly should be considered in doubtful case. Final diagnosis 





Fig. 532. Fig. 533. 


Fig. 532.—Characteristic attitude of patient in cord injury opposite the fifth and sixth 
vertebrae. Note abduction-external rotation at shoulders, flexion-supination at elbows. 


Fig. 533.—Characteristic attitude of patient in cord injury opposite the sixth and seventh 
vertebrae. 


is sometimes difficult to establish, and the surgeon may remain in doubt 
in spite of the best a-ray aid. 


Clinical Examination.—(a) Without Cord Injury.—Muscie Spasm—This is always 
present in greater or less degree. 

Pain.—Pain may be felt at the seat of the injury and localized there by the patient or it 
may be generalized throughout the neck due to the spasm of the muscles. Some patients 
may feel no pain, if they remain inactive, due to the immobilization rendered by the muscles. 
There may be hyperesthesia and very distressing pain of neuralgic or lancinating character in 


WITH CORD INJURY 493 


the peripheral distribution of nerve roots or trunks pressed upon as a result of the bone injury. 
This may be felt in the occiput from the greater and lesser occipital nerves or in the neck and 
upper extremities from the roots and cords making up the cervical and brachial plexuses. In 
late cases nerve root pressure may come from displaced bone, from scar or from excessive 
callus which has developed where fragments were not well aligned at the time of reduction. 

Position or tHE Heap.—This may suggest the nature of the injury: 

In unilateral (rotary) dislocation, forward: 
(a) Partial. The head is rotated and inclined away from the lesion. 
(b) Complete. The head is rotated away from and inclined toward the lesion. 
Tn bilateral dislocation, forward: 
(a) Axis. The head is displaced and tilted forward. 
(b) Lesion below the axis. The head is displaced forward and may be tilted back- 
ward. 
In fracture-dislocation, backward: 
Atlas-axis. The head is displaced and tilted backward and may be tilted to one side. 

Pavpatron.—In rotary dislocation the transverse process of the dislodged vertebra may 
be felt displaced forward on the affected side and tenderness and deviation of the spinous 
process of the injured vertebra may be felt in the nuchal groove. The row of spinous processes 
should always be carefully palpated since forward as well as lateral displacements may be 
noted in this way. Palpation of the posterior pharyngeal wall through the mouth may reveal 
gross displacement when this examination is justifiable. 

The neck motions should not be tested. They are too hazardous. 

RapvrocrapHs.—These should be taken in three planes, anteroposterior, lateral, preferably 
stereoscopic, and oblique, and these views carefully compared. Regardless of the plane in 
which the films are taken there will always be a good deal of superposition of bone structure 
which obscures bone detail and makes necessary very careful study of the films. Anteropos- 
terior radiographs to reveal suspected lesions of atlas and axis must be taken through the wide 
open mouth in order to show clearly the odontoid process, the lateral masses, the articula- 
tions between the atlas and axis and the anterior arch of the former. Lateral radiographs of 
the seventh cervical and upper thoracic vertebrae are often unsatisfactory. At times a view 
taken along a line half. way between the oblique and the lateral and with the roentgen tube 
in the axilla will secure the definition necessary. In difficult cases the surgeon may have to 
base his decision upon the combined evidence of the history, the clinical examination and the 
radiographs. 

(b) With Cord Injury.—General Considerations—When the cervical portion of the 
cord is injured the paralysis will vary with the extent and level of the lesion as in other 
regions (see p. 467 for general neurological symptoms). Death, however, may be in- 
stant or follow shortly from paralysis of the muscles of respiration, and is usually preceded 
by a very high temperature. Anesthesia which may at first be manifest only in the legs and 
lower trunk may extend to reach its upper limit within several days. That portion of the 
cervical enlargement of the cord opposite the fourth to seventh cervical and first thoracic 
vertebrae is the region usually involved. From it arise most of the nerve roots which. ter- 
minate in the upper extremities. 

In Cord Injury Above the Level of the Fifth Vertebra—Death may be instantaneous, if 
the lesion is extensive, or occur within a few hours from paralysis of the phrenic nerve and 
most of the other nerves of respiration. There may be complete or partial paralysis involving 
the trunk and four limbs. 

In Cord Injury Opposite the Fifth Vertebra—Motor paralysis may involve the trunk 
and four limbs and anesthesia may extend to the level of the second rib in front, higher pos- 
teriorly. The entire upper extremity may be anesthetic except the shoulder. The eyes may 
be sunken, the palpebral fissure narrowed and the pupil contracted. Breathing may be 
chiefly diaphragmatic. 

In Cord Injury Opposite Fracture or Dislocation of the Fifth and Siath Vertebrae—Motor 
changes in the upper extremities are confined to the shoulder adductors and internal rotators, 
the triceps, and the forearm pronators, so that the limb is held characteristically in abduction 
and external rotation, the elbow flexed and the forearm supinated. Sensation on the radial 
side is normal. The trunk and lower limbs may be partially or completely paralyzed, and 
breathing may be chiefly diaphragmatic. 

In Cord Injury Opposite Fracture or Dislocation of the Siath and Seventh Vertebrae— 
Motor changes in the upper extremities are confined to the intrinsic hand muscles provided 
there is not cord injury above. The position of the limbs may be rather characteristic with 
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the hands resting together upon the chest. Anesthesia is limited to the ulnar side of forearm 
and hand. The trunk and lower limbs may be partially or completely paralyzed and breathing 
may be chiefly diaphragmatic. 


Treatment.—Emergency.—All handling of the patient should be done 
very slowly and gently. Torsion and flexion of the neck should be vigor- 
ously guarded against. These patients should never be upright. Patients 
must be handled in the supine position and as quickly as possible placed 
supine upon a rigid stretcher (Fig. 534). Blankets or other padding 
should be folded smoothly and so placed upon the stretcher that the 
trunk is resting upon a plane higher than that of the head in order to 
favor extension. To prevent rotation sand-bags or some available substi- 
tute are placed on either side of the head and neck so that they press 
snugly. 





Fig. 534.—First aid treatment of injury of the cervical spine. Position for transportation 
—the patient lies supine upon a rigid stretcher, the neck in extension, the head braced with 
sand-bags or some available substitute, and tools, buttons or other hard objects removed from the 
clothing if paralysis is present. 


In cases of cord injury all hard objects such as tools, buttons, etc., 
should be removed from the clothing to prevent pressure upon paralyzed 
parts. 

Transport to the hospital should be without jarring and as quick as 
possible. 

Prereduction Care—Cervical fractures and dislocations must be looked 
upon as emergencies. The diagnosis should be established accurately and 
without delay. During this period it is of the utmost importance to 
handle the patient with care. As soon as the surgeon is assured on all 
diagnostic points, he should proceed at once with the reduction. In this 
way the safety of the cord in cases where it has escaped injury at the 
time of accident and during transport to the hospital is best preserved 
and the chances of improvement or ultimate recovery where the cord is 
already involved are greatest. In considering reduction in the presence 
of shock, the surgeon must add to the reasons which favor prompt reduc- 
tion that of the increased restlessness in this complication. 
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Reduction—Reduction should be immediate and complete. To quote 
Brookes: “Delay invites tragedy and adds to the difficulties.” Reduction 
is effected by traction or by the maneuver of reversing the motion through 
which the vertebra passed in the creation of the injury, with or without 
traction. 

Anesthesia —It is better, if possible, not to use a general anesthetic. 
Impending cord injury during reduction is masked by the anesthesia. 
Some surgeons believe it to be necessary in certain cases. Its use is on the 
decline. In some clinics it is apparently never used. It is probable that 
with all the facilities for reduction now available, most reductions preceded 
by a generous dose of narcotic (see Anesthesia, p. 279) and started without 
a general anesthetic can be completed without its use. A well-timed and 
brief gas anesthesia is used by some. 


Equipment.—In addition to two trained assistants the following should be at hand and 

ready for use: 
1. The radiographs. (It may also be very helpful to have anatomic specimens of the 
vertebrae within view of the surgeon and placed in the position of deformity which 
is present in the case to be reduced.) 

. A strip of steel, 34g inch by 4 inches by 4 feet or a wooden board 44 by 4% inches 
by 44 feet. 

. A Hawley, operating, or other heavy table. 

. A head sling, of canvas sewed to fit the patient, or of strong muslin or canton flannel, 
rather than of leather. 


raS) 
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5. (a) Pulley blocks and tackle, with spring balance which registers up to 100 pounds. 
A fixed point of attachment in line with the table for one of the pulley blocks; 
(b) a traction belt. 

6. Six-inch muslin bandages for countertraction. 


~ 


. Felt pieces cut for padding chin, occiput, ears, neck, clavicles, back and iliac crests. 
Plaster bandages. 
Sheet wadding. 


The Walton Manipulation.—Retrolateral flexion with rotation (Figs. 
535-539). The patient lies upon the back on the table, the strip of steel 





A B 
Fig. 535.—A, Position for reduction at the start, Walton manipulative reduction. B, Rotary 
dislocation of cervical] spine. 


or wooden board to be used later during the application of the plaster 
jacket lying under the back. The head and neck project beyond the head 
of the table resting in the hands of the operator who faces the table. The 
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surgeon’s hand on the side of the dislocation is against the side of the 
patient’s head, his other hand holds the chin. . 

First Step—The head is rotated away from the side of the dislocation. 
This is done slowly and firmly but without great force. The locked artic- 
ular processes are thus disengaged (Fig. 536). A faint click may be 
observed when this is accomplished. 





A B 
Fig. 536—Walton reduction—rotation away from the side of the lesion. 


Second Step—While the rotated position of the head is maintained, 
the neck is made to bend toward the side opposite the dislocation, 2. e., in 
a retrolateral direction. The surgeon’s hand which holds the chin may 
be made to include the under side of the neck where it may act as an 
additional fulcrum aiding the retrolateral flexion. This step raises the dis- 





Fig. 537.—Walton reduction—retrolateral flexion. 


located lateral mass while the articulating elements on the other side act 
as a fulcrum (Fig. 537). Lateral flexion is continued until the dislocated 
process can clear its articulating fellow below. 

Third Step—While the neck is maintained in lateral flexion, the head 
is rotated back toward the side of dislocation. There may be a click pal- 
pable or audible when the reduction is completed (Fig. 538) . 
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Fourth Step—tThe lateral flexion is then changed to neutral and the 
head and neck hyperextended (Fig. 539). 

Reduction may be indicated by the relief of the patient and the dis- 
appearance of bony deformities previously noted. A lateral radiograph by 


} 
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Fig. 538.—Walton reduction—rotation back to neutral, lateral flexion maintained. 
the portable machine will confirm the reduction. If the dislocation is bi- 


lateral reduction is effected on one side as described. The maneuver is 
then reversed to reduce the other side. 





A B 
Fig. 539.—Walton reduction—extension in neutral. Complete reduction. 





The plaster fixation is then applied in the manner described on 
page 501. 


The Taylor Method.—Traction (Fig. 540). The patient lies supine upon the table, the 
strip of steel or wooden board to be used later during the application of the plaster fixation 
lying under the back. The head and neck, as in the Walton maneuver, project beyond the 
head end of the table. The surgeon stands immediately at the patient’s head, facing the 
table, and supports the neck in his hands. The head sling, carefully adjusted to the patient’s 
chin and occiput, is attached to the traction belt which passes around the surgeon’s back or 
pelvis. Countertraction is made ready by passing one of the strips of muslin bandage over 
each shoulder and carrying it obliquely across chest and back to the opposite side where it 
is held by an assistant. The shoulders are protected by a felt pad. 

32 
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Traction is applied bythe surgeon by leaning and pushing backward against the belt. 
Countertraction is maintained by the assistants. Traction is exerted in the line of the column 
above the injury. It is applied gently at first and gradually increased until a powerful pull 
is brought to bear upon the muscles. This is maintained until the neck is felt to elongate 
gradually as the resistance of the muscles is overcome (about ten minutes). When the bony 
processes seem to have become disengaged, the vertebral segments, immediately below the 





Fig. 540.—Taylor traction method of reduction of fracture-dislocation of cervical spine. 


injury, are pressed upward by the surgeon’s hands and the head and neck above the injury 
are slowly lowered while under traction. The thumbs in near contact with the column above 
may assist the reduction by gentle manipulation. Reduction may be apparent by the relief 
of the patient and the disappearance of bony deformities and confirmed by a lateral radiograph 
by the portable machine. Plaster fixation is then applied in the manner described below. 


Combined Traction Manipulation.—Traction by the Taylor technic is 
followed by the Walton maneuver which is carried out while the head and 
neck are still under traction. This combination is very effective and is 
probably the most widely employed. 





Fig. 541.—Spring balance traction used in the reduction of cervical fracture-dislocation. (See text.) 


Pulley Traction Manipulation.—Bohler substitutes pulley traction, 
gauged by a spring balance, for that applied directly by the surgeon in 
the Taylor method (Fig. 541). If reduction does not take place with 
traction alone, as evidenced by the disappearance of the deformity and 
confirmatory radiograph, the vertebrae immediately below the displace- 
ment are carried forward by upward pressure of the surgeon’s hand upon 


TONGS 499 


their spinous processes, while the column above is extended by pressing the 
chin backward. In rotary displacements the head is gently turned. In 
recent cases reduction is commonly accomplished in several minutes with 
a traction of 30 to 50 pounds; in those unreduced for a longer time the 
traction may require considerably more time and be increased to 60 or 75 
pounds. The plaster fixation is applied immediately reduction is effected. 


Skeletal Traction.—This recent means of reduction has not yet been subjected to the 
test of time and wide use. Those familiar with it report reductions effected with safety and 
relative freedom from pain. In considering the employment of this or any other means of 
reduction it is important not to lose sight of the necessity of absolutely complete reductions 
followed by adequate fixation. Partial reductions by any technic will not yield consistently 
satisfactory results. Traction alone may not complete the reduction—some manipulation 
followed by extension is often necessary. It is, furthermore, essential to follow the reduction 
immediately with adequate fixation (plaster jacket) to prevent redislocation. Eight weeks 
of skeletal traction will not ensure against this risk and probably will not against recurrence 
of bone deformity. 

Skeletal traction may prove of especial value in the old unreduced group. 

















Fig. 542.—Tong traction used in the reduction of fracture-dislocation of the cervical spine. 


Tongs.—Crutchfield describes his technic as follows: * 

“The tongs are applied transversely to the vertex of the skull in a vertical plane passing 
through the center of the external ears. 

“The tongs are designed so the traction bar can be used as a guide for the correct place- 
ment of the tong points in the skull. The traction bar is turned down and placed against the 
scalp with the arrow pointing to the midline of the skull. The points of the tongs are then 
lowered to the scalp. The points of contact are dotted with a dye to indicate the level of 
the proposed stab wounds. 

“Using novocain anesthesia, stab wounds just large enough to admit the drill point are 
made in the scalp down to the skull. Perforations of the outer table of the skull are prepared 
by using a drill point 2 to 3 millimeters in diameter. As the drill takes hold the point is 
tilted slightly upward and forced to a depth of 3 to 4 millimeters. In the average skull this 
technique should not give rise to penetration deeper than the diploe. Greater penetration is 
unnecessary and undesirable. 

“After the openings have been prepared the points of the tongs are fitted into the bony 
perforations and made secure by adjusting the thumb screws. When the tongs are properly 
locked the points will not bore in. f 

“The head of the bed is elevated about 12 inches and traction applied. Amounts varying 


* Jour. Bone and Joint Surgery, July, 1938, p. 696. 
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from 6 to 15 pounds are usually sufficient. The directions of pull and other mechanical 
details are essentially the same as those used with other methods of traction and must be 
planned according to individual requirements. Due to the increased efficiency of this method 





TREE 


Fig. 543.—Stockinet and felt. Sheet wadding is not necessary and may lead to an ill- 
fitting plaster. The surgeon supports the head throughout the preparation of the jacket which 
is carried out by assistants. 


of traction early «-ray examination may show complete reduction of the dislocation. Reduc- 
tion of recent, high dislocations of the cervical spine often occurs within a few hours.” 
Application of the Plaster Jacket (Figs. 543, 544) —1. The surgeon maintains the head 
and. neck in hyperextension (except in the hyperextension fracture of the atlas and axis) and 
in neutral rotation throughout the procedure, and directs the assistants who apply the jacket. 





Fig. 544.—Plaster application. 


2. The stockinet is passed over the legs and drawn upward until it covers the head, 
neck, and entire trunk. 

3. The steel strip or board is placed immediately beneath the spinal column extending 
from the cervicodorsal junction to well below the buttocks. This will serve to support the 
trunk while the plaster bandages are being applied. 
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4. A nurse stands on each side and by holding the patient’s arms in abduction steadies 
the trunk. (a) The head end of the table is then lowered, or, if (a) is not possible, (b) the 
patient and the steel strip or board, in place, are drawn over the head end of the table so 
that the head, neck, and chest project well beyond. In either case the chest will be supported 
by the strip or board. If the patient is heavy the strip will sag and it will become necessary 
to brace it with a prop. 

5. Felt is then applied to chin, occiput, thyroid cartilage, the scapulae, the clavicles, 
along the spinal column, and the iliac crests. These pads may be fixed in place with strips 
of adhesive plaster. It is important to apply the felt evenly and only over bony prominences. 

6. The plaster bandages are then applied by the assistants. It is very important (a) 
to mold the jacket accurately, (b) to apply the plaster so that it will be uniformly wet 





Fig. 545.—The jacket cuirass for high cervical fracture-dislocation. The forehead and 
parietal regions are included sharply to limit rotation and nodding of head which takes place 
chiefly in the occipito-atlas, atlanto-axis articulations. (Lateral view.) 


throughout, each layer rubbed well into the preceding, and the thickness about % inch. 
Made in this manner the jacket will be light, not uncomfortable, will not displace and will 
not crack or buckle. 

7. Extent of the jacket. The jacket should be made to include the iliac crests which 
it should grip firmly. Its weight will be borne by them. In fracture-dislocations in the lower 
cervical column, it should include the jaw and chin to which it is well molded (Fig. 545). 
In those of the upper cervical column in addition to the chin and occiput it should include 
the forehead and parietal regions (Fig. 545). 

Ample windows are cut about the shoulders, the thyroid cartilage, the ears, and over 
the upper abdomen. 

The edges are trimmed and the stockinet folded back over them and fixed for smoothness. 


Application of Plaster Shells.—This is the same as described on page 
473, except that the head and neck are included, a window being made in 
the anterior shell for the face. 
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The doll collar consists of a leather cuirass which accurately fits the lower head, neck 
and upper chest and may be unbuckled and removed to permit the patient to take the exercises 
prescribed by the surgeon during the period of restoration of function. It provides strong but 
less emphatic support than the jacket. It is made by the surgical appliance maker from a 
plaster mold. 


The Thomas Collar.—This collar (Fig. 546) partially supports the head and restrains 
motion in the cervical column. It is very much less restraining than the doll collar but pro- 
tects the neck against jars or wrenches. 


The Period of Fixation.—Redisplacement is prone to occur in the cer- 
vical region from too early withdrawal of support and may cause root 
or cord injury or even death. The duration of fixation varies with the 
severity of the injury: 

Minor unilateral subluxation, reduced immediately—a plaster doll col- 
lar, worn for three to eight weeks, in conjunction with graded exercises. 





Fig. 546.—The Thomas collar. 


Unilateral dislocation without fracture—plaster jacket worn for four to 
six weeks; doll or Thomas collar in conjunction with exercises, six to eight 
weeks. 

Fracture-dislocation—plaster jacket, a minimum of three months; doll 
collar, three months with graded exercises during the latter half; and 
Thomas collar with exercises one to three months. 

Severe fracture-dislocation—plaster jacket, three to six months or 
longer; doll collar, three months with graded exercises; and Thomas collar 
with exercises. 

Fracture of the body without dislocation—plaster jacket, a minimum 
of four months; doll collar with graded exercises, a minimum of two months; 
and Thomas collar with exercises, one month. 
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Late reduction (after six weeks)—plaster jacket, minimum of three 
months; doll collar, three months with graded exercises during the latter 
half; and Thomas collar with exercises, one to three months. 

In the absence of cord injury certain of these patients may be up and 
about, provided the jacket is absolutely efficient. 

Long-standing and Recurrent Dislocation—Recurrence of dislocation 
results from either incomplete reduction, from too early withdrawal of the 
plaster jacket, or in the atlas-axis recurrences from failure adequately to 
repair the damage. 

Brookes has successfully reduced a complete bilateral dislocation of 
one year’s duration, a unilateral dislocation of twenty-one months and 12 
cases of more than six weeks by the Taylor-Walton technic. 

His experience in this group in which his reductions were complete or 
partial is as follows: 
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In case of dislocation of long standing he has found it important to 
employ general anesthesia and to maintain traction following the reduc- 
tion until the plaster jacket has hardened in place, and recommends to 
this end the use of a canvas head sling which may be incorporated in the 
plaster. He advocates a minimum of three months of plaster fixation fol- 
lowed by three months of doll collar fixation. 

Skeletal traction may prove to be decidedly helpful in preparing long- 
standing cases of dislocation for the appropriate manipulation. 

In case of failure of reduction after repeated attempts, spinal fusion of 
the involved vertebrae, performed with the support of the bivalved jacket, 
seems indicated. 

Recurrent displacement of the atlas upon the axis has been success- 
fully treated by the operation described by Mixter and Osgood* and am- 
plified by Jackson} in which heavy braided silk or fascia lata is passed 
around the posterior arch of the atlas and fixed to the spine of the axis. 

For recurrence in the lower segments Ryerson and Christophert have 
devised a similar operation by which a wire is passed around the arch of 
the dislocated vertebra (between dura and bone, anteriorly) and around 
the base of the spinous process of the vertebra below—thus fixing the two. 
The involved posterior articulations are arthodesed and bone grafts laid 

* Mixter, S. J., and Osgood, R. B.: Traumatic Lesions of the Atlas and Axis. Am. 
Surg., 51: 203, 1910. , 

+ Jackson, R. H.: Simple Uncomplicated Rotary Dislocation of the Atlas. Surg., Gynec. 


and Obst., 45: 156-164, 1927. 
t Ryerson, E. W., and Christopher, F.: J.A.M.A., 108: 6, 468, Feb., 1937. 
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across the interlaminal gap to complete the fusion. This procedure is rec- 
ommended instead of the older method of lashing the spinous processes 
together. The latter usually means drill holes which so weaken the proc- 
esses as to cause them to break. 


FRACTURE OF THE TRANSVERSE PROCESSES 


General Considerations.—Fracture of one or more of the transverse 
processes is common. The injury is often not a serious one; the period 
of disability may not exceed a few weeks. Rarely patients prefer to con- 
tinue at their work and lose no time because of it. Mistaken diagnosis 1s 
not infrequent. 

Etiology.—Usually there is a history of a fall, or of being struck in the 
back or flank by a heavy object. It is probable that these accidents cause 
the fracture through muscular action, the psoas, quadratus lumborum, and 
intertransversarius being the muscles involved. 

Pathology.—The injury occurs almost always in the lumbar region, is 
uncommon in the cervical, and very rare in the thoracic region. In the 
cervical vertebrae the processes are short; in the thoracic, well protected 
by the ribs; but in the lumbar they may be long and slender, and are 
attached to powerful muscles and fascial septa. Only one process may 
be broken, or several on the same or both sides. The fracture line is usu- 
ally transverse and is often found at the narrowest portion. Uncom- 
monly it may be longitudinal. The lateral fragment may be considerably 
displaced. Some of the muscle bundles of the psoas, abdominalis and quad- 
ratus lumborum may rupture as well as their fascial coverings, and there 
is commonly more or less strain in one or both of the lumbar erectores 
spmae. Hematoma may develop in the flank. Fracture of the fifth lum- 
bar transverse process may accompany unilateral fracture of the pelvis. 
In the cervical region the transverse processes of the seventh vertebra 
seem to be most vulnerable. 

Diagnosis.—The history of violence to the back, tenderness maximum 
over the fractured process, and aggravation of symptoms on placing the 
psoas under tension suggest the diagnosis. Radiographs in the antero- 
posterior plane confirm the diagnosis. 


Errors in the interpretation of the radiographs must be carefully avoided; they are com- 
mon and may lead to a good deal of confusion, chiefly legal: 

1. Rudimentary rib. This is common in the first lumbar segment. The line of demarca- 

tion between the rudimentary rib and the small transverse process is smooth and 

definite. The fracture line is jagged and may be indistinct. 

. Lack of fusion between an accessory ossification center and the body of the transverse 
process. The separating line at the epiphyseal plate will be smooth and definite. 
The fracture line is jagged and may be indistinct. 

3. Intestinal gas patterns may cause a line to be seen across the transverse process which 
simulates fracture. This may be detected by following the line beyond the bone 
shadow. It will not be constant. 

4. Shadows of the psoas muscle may cause a line to be seen crossing the transverse 
process. This can be identified as a muscle shadow by following it beyond the 
bone shadow. 

5. Asymmetry of the transverse processes. This is common and may be extreme. 


~ 


Treatment.—General Considerations—It is generally agreed that re- 
covery takes place without regard to union or to the amount of displace- 
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ment of fragments. Attempts to effect and maintain reduction seem to 
have no effect. It is important to make perfectly clear to the patient 
and others concerned that the fracture involves only a small process of 
the vertebra, that it is not dangerous and that full recovery may be ex- 
pected in a few weeks. To describe the fracture as a “broken back” is 
misleading because the term signifies to the laity serious fracture or dis- 
location of the vertebral body. 

Lumbar Region—The degree of support should depend upon the ex- 
tent of the imjury and the severity of the pain. In the more severe in- 
juries it is the best policy in the long run to strap the lower back with 
adhesive plaster and maintain recumbency in bed for one to two weeks 
depending upon pain. The adhesive plaster should extend from the level 
of the upper tip of the greater trochanter to that of the angle of the scap- 
ula, and from the midaxillary line on one side to that of the other. This 
should be removed and a new strapping applied every five or six days. 
When the patient is allowed to be up and about, a low back belt or corset 
should be worn, and exercises instituted, gentle at first, and gradually 
increased. These are important, especially in lumbar flexion. They should 
be gauged so that by the time repair is complete, six to eight weeks, there 
will be a normal range of motion without pain. 

In severe injuries where soft part damage is extensive, a number of 
processes are broken, and pain and muscle spasm are marked, a plaster 
jacket may be applied and one or both thighs included to immobilize the 
iliopsoas muscle. This should at first be used with the patient recumbent. 
After a week the thigh extension if present should be removed and the 
patient become ambulatory. Care must be taken to preserve muscle tone 
and resilience and avoid loss of morale, and jackets should be discarded 
as soon as possible. They should never be worn in these cases for more 
than four or five weeks. The belt and exercises are instituted as quickly 
as the jacket has been removed. The surgeon should be on his guard 
against overtreating these cases—a mistake which is common and often 
leads to prolonged disability. 


Cervical Region—The Thomas collar (Fig. 541) will provide adequate support. It 
should be worn for one to six weeks, depending upon pain. 

Period of Disability—The injury of average severity will be fully repaired and restoration 
of function be complete in six to twelve weeks. Where most of the lumbar processes are 
fractured and muscular and fascial damage is extensive the injury may require four or even 
six months of disability. 


ISOLATED FRACTURE OF THE SPINOUS PROCESSES AND LAMINAE 


General Considerations.—Isolated fracture of these structures is un- 
common. They usually involve the lower cervical and lower lumbar re- 
gion and may occur in more than one vertebra. They result from violent 
hyperextension, but cases have been reported which were apparently the 
result of direct violence. Fracture involving both laminae has been re- 
ported by Conwell with forward displacement of the detached portion of 
the arch which resulted in cord pressure. With the exception of the latter 
fracture, the injuries of this group are not serious. 

The diagnosis is made, clinically, by the local pain, tenderness and soft 
part thickening, and is confirmed by radiograph. 
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Treatment.—Where the injury is in the lumbar region a plaster jacket 
applied in hyperextension is employed; where the injury is cervical a 
plaster cuirass or doll collar applied with the spine in hyperextension. 

In fracture involving both laminae with forward displacement of the 
detached fragment of the arch giving rise to cord pressure, immediate 
operation should be performed and the fragment lifted off the cord. 
Conwell has found this to be a relatively simple Dae in which removal 
of the fragment proved to be unnecessary. 

Period of Disability—This is the same as in isolated fracture of the 
transverse process. 


ISOLATED FRACTURE OF THE ARTICULAR PROCESSES . 


General Considerations.—This fracture, when isolated, is very uncom- 
mon. As a complication of centrum fracture or dislocation, it is common. 
The infrequently encountered anomaly, failure of fusion of an accessory 
center of ossification at the tip of the articular process, is often mistaken 
for this fracture. Such anomaly was found by Bailey in 8 of 2000 spines 
examined radiographically. There are few proved cases of fracture in the 
literature. Before the diagnosis is made it is first necessary to rule out 
the far more common anomaly. 

Etiology.—A sudden violent twist or rotation when the spine is fixed 
in flexion or extension. 

Diagnosis.—This is based upon the history of a violent twist when the 
spine is under tension in flexion or extension; upon the local pain and ten- 
derness; upon the aggravation of symptoms when the involved joint is 
moved or placed under tension. It must be confirmed by a-ray which 
must demonstrate fracture and rule out anomaly. 


RADIOGRAPHIC DIFFERENTIATION 


Anomaly. Fracture. 
The fissure is smooth and clearly defined. The fissure is irregular and may be indistinct. 
It is usually transverse, may be oblique. May lie in any plane. 
It is often bilateral or irregularly multiple. Probably single. 
It usually involves the inferior processes. May involve any process. 


It is of the utmost importance in the radiographic examination to have 
oblique views as well as those in the anteroposterior and lateral planes. 

Treatment.—A plaster jacket applied well up over sternum and scap- 
ulae should be worn for a period of eight to twelve weeks. Milder support 
in the form of a brace, belt or corset should be worn for another four 
weeks to protect muscles and ligaments until resilience has been restored 
by graded activities and exercises. Excision of the fragment with or with- 
out spinal fusion of the involved segments is indicated in intractable cases 
or may be elected at the start of treatment. It should be borne in mind 
that the articular process fracture which complicates centrum fracture or 
dislocation rarely requires open operation. 


SPONDYLOLISTHESIS 


General Considerations.—This term is applied to a not uncommon con- 
dition which is characterized by forward subluxation of the fifth, fourth, 
or the third lumbar vertebra in that order of frequency. The displaced 
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vertebra carries with it the column above. The forward slipping of the 
vertebra is possible because of a congenital defect in its posterior arch so 
that the body and pedicles are deprived of the support, posteriorly, which 
the arch normally affords through its attachments to the vertebra below. 
The general belief is that trauma is an exciting cause of the displacement 
to which the vertebra is predisposed by reason of the congenital defect. 

The anomaly consists in a failure of bone fusion between that portion 
of the posterior arch which is composed of the laminae, the spinous and 
the inferior articular processes with that portion composed of the pedicles 
and superior articular processes. Although this condition may exist for 
years without the patient being aware of its presence, it ultimately results 
in a back essentially weak and predisposed to strain. The weakness may 
become increasingly apparent after thirty-five years of age as the tissues 
slowly lose resilience over the years. Attacks of muscle and ligament 
strain, ushered in by a relatively insignificant lift or jar are common. The 
condition, especially in those of laborious occupation, may become in- 
capacitating. A severe strain may result from violence, causing disability 
for many months. 

Treatment.—When the dislocation is purely traumatic, that is, occurs 
in the absence of congenital anomaly (a very rare occurrence), reduction 
is possible by flexion, traction and manipulative reposition (see article by 
Mallet-Guy and Dargent* describing a successful reposition of a purely 
traumatic dislocation) . 

When the displacement is associated with congenital anomaly, reduc- 
tion has never been successful in spite of many ingenious attempts. 

When pain and spasm are marked the low back should be supported 
with a firm adhesive plaster strapping and the patient kept recumbent in 
bed for one to two weeks. The strapping should be removed and renewed 
every five or six days. The patient should then be equipped with a sub- 
stantial low back belt which is well reinforced, and be up and about. 
Exercises are an important adjunct. They should be instituted when the 
patient becomes ambulatory, and consist in forward bending of the back 
from the sitting position carried to the point of pain. 

In the milder strains treatment is the same except that recumbency 
may be unnecessary. 

Where strain has been frequent and has led to prolonged disability or 
to an unwarranted limitation of activity, spinal fusion is indicated. 
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CHAPTER XXIV 


FRACTURES OF THE VERTEBRAE WITH NEUROLOGIC 
SYMPTOMS 


Tux prognosis depends upon the amount of injury to the spinal cord. 
The prognosis is less grave than it was thought to be a few years ago. 
There is a probability of saving a certain proportion of cases. In gen- 
eral, the nearer the fracture approaches the medulla oblongata and the 
foramen magnum, the more serious does the outlook become. Patients 
with fracture in the dorsal and lumbar regions die in the course of months 
from cystitis, pyelitis, and exhaustion. Patients with fractures in the up- 
per dorsal and lower cervical regions die in a few days or weeks from 
hypostatic pneumonia. Patients with fractures high up in the cervical 





Fig. 547.—Fracture of the odontoid process in an adult. Recovery. Stiffness of neck and 
limitation of motion remaining after injury. Arrows 1, 2, 3 point to the exact line of fracture at 
base of the odontoid process (Dodd). 


region die instantly or in a few hours from shock and direct pressure upon 
the medulla oblongata. After an injury to the back which prevents a 
man from rising, he should be placed on a flat stretcher. The position 
assumed after the injury should be maintained, if it does not endanger 
life, until the surgeon sees the case. After examination, the patient should 
be aseptically catheterized. More accurate knowledge of the function of 
the kidneys will then be obtained during the first twenty-four hours. 
Treatment.—The object of treatment is to relieve the cord from pres- 
sure and to immobilize the fracture. The cord will be uninjured, slightly 
injured, or injured seriously. If the cord is injured, the prognosis of opera- 
tive interference will depend upon whether the lesion of the cord is trans- 
verse and complete, or whether it is partial. Diagnosis is far behind 
operative procedures. The symptoms of a complete transverse lesion of 
509 
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the cord do not invariably indicate a transverse lesion (Frazier). It is 
important, nevertheless, to distinguish between the signs of a transverse 
lesion and those of a partial lesion. In a complete transverse lesion the 
history of the onset of the symptoms is a sudden one, the symptoms 
appear immediately following the fracturing trauma; whereas if a partial 
injury is present, an interval will have elapsed before the symptoms de- 
velop; the appearance of symptoms is gradual rather than sudden. In a 
complete transverse lesion the motor paralysis is found to be complete, 
and the paralyzed muscles are flaccid; whereas, if the lesion is a partial 
one, the motor paralysis is limited, some muscles of the limbs are paral- 





Fig. 548.—Fracture of the cervical spine; cord compressed by bone, torn and displaced 
intervertebral disk, and blood. Hemorrhage into the cord at the seat of the lesion and below 
the lesion (Warren Museum). (Drawn by Byrnes.) 


yzed, others are not, and there is often noticed muscular spasm in the 
affected limbs. In a complete transverse lesion: sensation is entirely gone; 
whereas in a partial lesion some sensation is present. The knee jerks are 
variable; in the complete transverse lesion they are absent. In the partial 
lesion the knee jerks are apt to be absent at first, and they may return 
later. In the transverse lesion the paralysis of the bladder and rectum is 
complete; whereas in the partial lesion paralysis of these organs is not al- 
ways present. Priapism, sweating, and involuntary muscular twitchings 
are seen more commonly in case of injury to the spine associated with 
complete lesions of the cord than in cases with partial lesions of the cord. 
In partial lesions variations from the definite types of symptoms are seen. 
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The symptoms are more or less irregular. In total lesions of the cord 
operation may do good. The cases of pressure from fragments of bone— 
that is, those occurring for the most part in the cervical region, in which 
the laminae of the vertebrae are fractured—demand operation. All other 
cases of bony pressure are those due to dislocation of vertebrae which are 
remediable either by operation or manipulation. In these cases the prog- 
nosis depends upon the damage done the cord. 

It is the result of experience that in cases of injury to the spine severe 
enough to do damage to the cord probably irreparable injury has been done 





Fig, 549. Fig. 550. 

Figs. 549 and 550.—The two halves of the spine sawed in sagittal section. Fracture of the 
seventh cervical vertebra, with dislocation forward of the upper fragment. Fracture of the arch 
of the sixth and of the spine of the seventh vertebrae. Total crush of the cord. The discolora- 
tion of the cord from blood shows plainly in the plate. (Thomas.) 


by either a distinct crush of the cord or hemorrhage into the cord occurring 
at the time of the primary trauma. Hemorrhage into the cord takes place 
often extensively and some distance from the seat of the chief lesion, so 
that even if the seat of the crush of the cord were reached by operation, 
damaging lesions would still remain unrelieved. 

It is also a result of experience that removal by operation of the lam- 
inae and spines of the vertebrae in the suspected region of fracture very 
rarely—hardly ever—reveals any remediable condition or affords any evi- 
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dence of the exact seat of the lesions or their extent. In less than 10 per 
cent of laminectomy operations for fracture of the spine is the patient 
benefited (Dandy). The reason for these facts is that the dura at the seat 
of a crush of the cord, whether partial or complete, remains intact and 
untorn, and that extradural hemorrhage is unusual. The surgeon, there- 
fore, after removal of the laminae, is as much in doubt as he was before, 
excepting that he knows that he has removed pressure from the cord and 
has diminished the likelihood of subsequent pressure. Operation in com- 
plete lesions holds out but little hope of benefit. It is said that the chances 
of the symptoms being due to pressure by extradural blood clot or bone 
justify operative interference in these apparently hopeless cases. This is 
true in those cases in which the lesion of the cord is partial. When the 
lesion is completely transverse operation may relieve. If operation is to 
be performed at all, it should be done at the earliest possible moment. 
During a period of from twenty-four hours to seven days some good may 
be accomplished by operation. After a week or two haye elapsed nothing 
can be accomplished in spinal cord injuries—unless it is in cases of nerve 
root injury of the cauda equina. 

Operative interference, then, may be summarized somewhat as follows: 

In partial lesions operation may be demanded; in fracture of the lam- 
inae and spinous processes operation is demanded; in all lesions of the 
cauda equina operation is demanded; in almost all supposedly complete 
lesions operation may be done with the hope of doing some little good. 
Explore all doubtful cases. Demonstration of a “bloc” and roentgen ray 
may help to locate lesion. 

The following position seems the wise one for the surgeon to take in 
cases of fracture of the vertebrae, particularly since a few cases have been 
recently recorded (notably Mixter’s, reported by Chase) in which life was 
prolonged in comfort following operation in what appeared clinically to be 
a complete transverse lesion of the cord. The position here stated is that 
of Walton and the evidence existing supports its wisdom. 

There are no symptoms which establish (otherwise than through their 
persistence) irremediable crush of the cord. 

While total relaxed paralysis, anesthesia of abrupt demarcation, total 
loss of reflexes, retention, priapism, and tympanites, if persistent, point to 
complete and incurable transverse lesion, the onset of such symptoms does 
not preclude a certain degree at least of restoration of function. 

The prognosis without operation is grave. 

While the results of operation are not brilliant, they are sufficiently 
encouraging to warrant us in making the practice more general. 

In most cases it will be wise to operate within a few days, not later 
than ten days, of the injury, but a delay of some hours is advisable, partly 
on account of shock and partly to eliminate the case of doubtful diagnosis. 
If at the first examination it cannot be determined whether the lesion is 
progressive or not, the findings are carefully noted, particularly the sen- 
sory changes. A few hours later the patient is again examined and a third 
time, if necessary. If the symptoms have increased laminectomy is indi- 
cated; if symptoms have decreased operation is contraindicated (W. J. 


Mixter) . 


~ 
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We have no infallible guide to the extent of the lesion. The operation 
at the worst does not materially endanger life nor affect unfavorably the 
course of the case, and may at least reveal the lesion and lessen the pain; 
it may sometimes save a patient from death or from helpless invalidism 
of most distressig character. Instead of selecting the occasional case for 
operation, we should rather select the occasional case in which it is con- 
traindicated (the patient with great displacement of vertebrae, the patient 
with high and rising temperature, the patient plainly moribund, the patient 
still under profound shock). 

The dura should be opened freely; it need not be sutured; drainage is 
not necessary. 

The fact that edema, congestion, inflammation of the spinal cord, or 
shock and infection (Spiller) may result from operation should not cause 
one to hesitate to operate in fracture of the spine. 





Fig. 551.—Man, fracture of spine; transverse section of spinal cord above the lesion. Com- 
plete paralysis below the lesion. Hemorrhage into posterior horn (Taylor). Trephining. Death 
in seventeen days. (Drawn by Byrnes.) 


The following statements are from the clinic of Dr. Eric Oldberg, 
University of Illinois: 

The location and extent of the neurologic lesion must be determined. 

Is the disability immediate and complete or is it progressive? A spinal 
cord injury creates an emergency situation. 

A sensory level or analgesic area must be accurately determined. 

All lesions from the fourth cervical segment to the second dorsal seg- 
ment produce the level crossing the junction of the manubrium with the 
sternum. 

A careful examination of the arms must be made to localize accurately 
damage in the brachial plexus region of the cord. 

Lesions in the cauda equina from the first lumbar downward produce 
areas of sensory loss in the legs, perineum and perianal region. 

The state of the motor power and the condition of the reflexes must be 


determined. — 
The deep, superficial and pathological reflexes must be elicited. 


33 
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The knee and ankle jerks, the epigastric abdominal and the Babinski 
are the most important. 

a-Ray records of the spine should be taken if the patient’s condition 
permits. 

Treatment.—The positive indication for operating is the presence of 
mechanical pressure. The edema which is associated with injury to the 
cord must not be forgotten. This edema may handicap the response of 
the part to operation. In treating pressure on the cord three separate re- 
gions of the cord must be considered: 

Fractures of the cervical spine require the most conservative treatment. 
If after thirty-six to seventy-two hours of traction the patient remains 
completely paralyzed a lumbar puncture is indicated. If no block is found 
traction should be used again. 

Fractures of the Thoracic Spine——Here traction is not efficacious— 
lumbar puncture should be done. If a block is present laminectomy should 
be done immediately. A local anesthetic is found satisfactory. In all other 
cases of fractured thoracic spine conservative treatment is indicated. 

Fractures of the Lumbosacral Vertebrae—The neurologic damage is 
peripheral, not central. Early exploration is indicated in the presence of 
great bony deformity or of advancing neurologic symptoms. 

Changes Occurring in the Spinal Cord Following Fracture or Disloca- 
tion of Vertebrae.—Regeneration never occurs: active inflammation which 
occurs during the healing of the gross tissues is never seen. There are never 
the cellular and circulatory changes which are present in other tissues 
undergoing repair. The process consists of edema followed by liquefaction 
and vacuolation. It is an interesting fact clinically and pathologically 
that in cords compressed at a definite level with destruction of the cord, 
at the seat of compression there is often found a hematomyelia (hemor- 
rhage into the substance of the cord), several vertebrae above and below 
the fracture, thus showing how extensive is the acting force. 

A study of the drawings made from actual sections of the spinal cords 
of cases of fracture of the spine will indicate the different lesions already 
mentioned. 

Figure 549 is from a fracture of the cervical vertebrae, showing destruc- 
tion of the cord at the seat of the lesion, with localized pressure from bone 
and blood. Low down is seen an extensive extradural hemorrhage and a 
hematomyelia some distance from the original trauma. 

Figure 551 is from a dislocation and fracture of the fifth upon the sixth 
cervical vertebra. There was complete paralysis below the lesion. Tre- 
phining was done. The patient lived without improvement seventeen days. 
This section of the cord is taken a little above the lesion and shows clearly 
a hematomyelia of the right posterior cornu. 

Figure 552 is also taken from a section of the cord of the preceding 
case, but at the seat of the lesion, showing a destruction of the gray and 
white matter of the cord anteriorly next to the bodies of the vertebrae. 
The dura remained intact, there being to the operating surgeon no evidence 
posteriorly of any disturbance having occurred anteriorly. 

Figure 553 is a section of the spinal cord of a woman who fell from a 
trapeze to the net, and fractured and dislocated the sixth cervical vertebra. 
Operation was done. She lived three days. A little distance (two seg- 
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ments) from the seat of the lesion, where the cord was crushed anteriorly, 


was found a hematomyelia of the white matter posteriorly. The dura was 
intact. 





Fig. 552.—Man, fracture of spine; transverse section of spinal cord at the seat of lesion (Taylor), 
(Drawn by Byrnes.) 


These specimens, which illustrate the common lesions of the spinal cord 
following fractures and dislocations of the vertebrae, demonstrate the utter 
futility of operative interference in certain cases of crush of the cord with 
a complete transverse lesion. 





Fig. 553.—Fracture of the spine; transverse section of spinal cord several segments from the 
lesion; hemorrhage into the white matter (Taylor). (Drawn by Byrnes.) 


The work of Reginald Allen on animals demonstrated that even if the 
cord were bruised sufficiently to cause permanent paralysis due to trau- 
matic edema it would recover its function after a median longitudinal in- 
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cision of the dura was made, thereby relieving intradural tension at once 
by the escape of edematous transudate. One case has been operated on 
by this method in the human, but the damage was high up and too severe 
to be permanently benefited. Some improvement in the treatment of 
these terrible injuries may come from this brilliant experimental work of 
Allen. 

A careful study should be made of the cerebrospinal fluid obtained by 
lumbar puncture or by the combined puncture of the lumbar space and 
the cisterna magna (J. B. Ayer). This examination should include pres- 
sure readings, the evidences of shock, the presence of protein or blood in 
the cerebrospinal fluid—such accumulated data may prove valuable (W. J. 
Mixter). 

It is to be hoped that in the future the present attitude which holds 
that operation on a fractured spine is often unsafe, rarely justifiable, and 
usually futile, may be favorably modified. 

Occasionally it will be advisable to place the patient with a fracture 
of the spine without deformity prone and to apply a posterior back molded 
splint of plaster of Paris. This posterior plaster of Paris shell splint is to 
be held to the body by encircling swathe or bandage. 

Cystitis —Life may be prolonged, if not saved, by the proper treat- 
ment of this distressing affection, which is always associated with fracture 
of the spine. In a number of these cases death is due to a pyelitis and 
nephritis following a cystitis. These complications may be avoided for a 
definite time if the bladder is thoroughly drained by urethral catheter or 
by perineal drainage or by suprapubic cystostomy. The bladder may be 
kept aseptic by douching regularly with a solution of boric acid or per- 
manganate of potash and by the internal use of urotropin. Great care 
should be exercised in the avoidance of bed sores; it is easier to prevent 
than to cure them. 

The Prolonged Convalescent Care of a Fracture of the Spine—This 
care will cover the following considerations: 

The placing of the patient in the best possible position for support to 
the spine with comfort. 

Making the care of the skin at the pressure points easy and efficient. 

Paying particular attention to the care of the function of the large bowel. 

The devotion of every energy to encouraging all joint movements. 

The prevention of any deformities, such as foot or toe drop, stiffness 
and limited movements of the knee joints. 

Facilitating the transfer of the convalescing invalid into sunshine and 
an attractive environment. 

Summary of Treatment.—Fracture of the arches of the vertebrae, 
whether open or closed, should be subjected to operation. Fracture and 
compression of the cauda equina after four weeks of waiting for spontane- 
ous recovery should be treated by operation. In partial lesions of the cord 
operation may be demanded. All fractures showing doubtful complete 
transverse lesion of the cord should be treated by immediate operation. 
Only profound shock requires reasonable delay. The immediate fixation 
of the spine by a plaster of Paris splint is indicated in those fractures un- 
operated upon. It is also wise to fix the spine by the plaster of Paris 
splint after operation in many cases. 


TREATMENT 7 


An advance of the greatest importance in the treatment of the cord 
bladder has been presented by Munro. It consists of a method of inter- 
mittent filling and emptying of the paralyzed bladder, called tidal drainage, 
by which infection is controlled. It has been recognized for years that 
urinary tract sepsis is the chief cause of complications and death in pa- 
tients with transection of the spinal cord or with severe injury to the cen- 
tral nervous system. In spite of the seriousness of this condition there 
has been the greatest difference of opinion as to the proper care of such 
cases. Immediate catheterization has been insisted upon by some and 
condemned by others who are equally insistent that the patient should 
never be catheterized. The facts are, however, that neither catheteriza- 
tion, constant urethral drainage, cystostomy nor noninterference has suc- 
ceeded in uniformly controlling the sepsis that leads eventually to stone 
formation, renal damage, uremia and death. Any improvement over these 
past methods of treatment constitutes a real advance and should be care- 
fully evaluated. Munro’s reported results from tidal drainage are out- 
standing. 

This method of handling cord bladder, together with a description of 
the apparatus employed, was reported in 1934 by Munro. Another ex- 
cellent paper was published in 1936, giving his results. Portions of the 
latter are quoted: 

“From a series of 105 cystometrograms selected from a total of 200 
observations and made on a group of 24 cord injuries, cord bladders are 
classifiable into certain recognizable groups. Also, in conjunction with the 
use of tidal drainage as a sole therapeutic agent, an inlying urethral cath- 
eter can be kept in either male or female bladders for many months with- 
out producing urinary sepsis; and, as a result, this fatal complication has 
been almost eliminated in all types of spinal cord injury. 

“With adequate cystometric examination and provided the spinal cord 
lesion is a transection above the sacral segments, cord bladders pass 
through three definite stages. If the cord lesion is a hematomyelia or 
edema at any level, this is increased to four. 

“The Atome Cord Bladder—The atonic form of cord bladder is present 
at the beginning of every spinal cord injury and during the period of spinal 
shock. It also recurs after any degree of recovery from bladder function 
with the occurrence of any major infection, or in the presence of a high 
degree of general exhaustion. Such a bladder has complete retention up 
to the point of extreme distention. The detrusor muscle is atonic and at 
most shows only the curve of distention of an elastic bag. Emptying con- 
tractions are completely absent, and the residual urine comprises 100 per 
cent of the fill. The storage capacity is limited only by the passive dis- 
tensibility of the bladder wall. There is neither voluntary nor reflex ac- 
tivity of the external urethral sphincter. Treatment is best carried out 
by placing the patient on tidal drainage with the intravesical pressure level 
set at 2 to 5 cm. 

“Autonomous Bladder.—As the patient begins to recover from his spinal 
shock and provided no major infection or exhausting procedure such as an 
operation intervenes, his atonic bladder gradually changes into the second 
one of the cord bladder groups. The detrusor muscle and internal sphinc- 
ter now exhibit signs of activity. The symptoms of this stage are overflow 
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distention. The patients have a practically constant urinary dribble. They 
can be handled best by tidal drainage. é 

“The Hypertonic Cord Bladder—Further progress toward recovery 1s 
seen in this third stage of cord bladder which is present in all types of 
spinal cord injury except those with sacral and cauda equinal destruction. 
It is essentially a condition in which the segmental spinal reflex activity 
is again manifesting itself but in a completely uncontrolled manner. Such 
a bladder empties itself at irregular intervals and patients are constantly 
wet unless they are on tidal drainage. 

“The Uninhibited Normal Cord Bladder —This is the normal end-result, 
so far as a vesical function goes, in all cases of complete or nearly complete 
transection of the spinal cord above the level of the sacral segments. Sub- 
jectively and objectively, except by cystometry, it appears to be a normal 
bladder that empties itself completely at more or less regular time in- 
tervals. The external sphincteric activity is reflexly normal but is not 
under voluntary control. Treatment is based on the use of a retention 
catheter. This is opened by the patient at intervals during the day and 
is attached to a tidal drainage apparatus at night. In transection cases 
this is the best end-result that can be hoped for. As a result, the patient 
must be prepared to continue on this régime for the rest of his life. 

“The Normal Cord Bladder.—In all other types of cord injury this un- 
inhibited cord bladder goes on to a stage that differs from normal only 
cystometrically. The ability to inhibit emptying contractions is gradually 
regained and, subjectively, control of micturition is again complete. This 
requires a period of reeducation, however, and treatment must be directed 
with that end in view. 

“Results—In the past 6 years, 75 spinal cord injuries have been ad- 
mitted to the neurosurgical service of the Boston City Hospital. These 
have been divided as follows: 46 cervical, 21 thoracic and 8 lumbosacral 
or cauda equinal. In addition, there have been 18 suspected cord injuries 
in patients who, on investigation, proved to be suffering from bony dam- 
age only. Of the 75, 16 have been eliminated from this end-result study, 
because no urinary examinations were available. Thirty-three were seen 
before tidal drainage was in use. In this group all the usual other types 
of treatment as applied to the bladder were tried. They included constant 
and interrupted catheter drainage, complete absence of any drainage of any 
type, and suprapubic cystotomy. Under these conditions urinary tract 
infection was present in 73 per cent. There are 26 cases in the more recent 
group. These have all been treated either in whole or in part by tidal 
drainage. Under these conditions and with the only significant change a 
shift from the older methods of treatment to tidal drainage, the incidence 
of urinary infection dropped to 15 per cent.” 

The latest, October, 1937, returns from Munro’s clinic are that: “The 
incidence of all types of urinary tract sepsis in spinal cord injuries has 
been reduced from 72 per cent in 36 cases to 14.2 per cent in 35 cases 
through the prompt, intelligent and routine use of tidal drainage in the 
care of the bladder.” 

Care of a Case of Fracture of the Spine, Other Than Operative Care.— 
These suggestions are made with regard to the care of individuals with the 
graver lesions of the cord in which there is a definite paralysis. 

1 Kirchner, Surg., Gynec. and Obst., June, 1923. 
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The primary treatment has been considered in the preceding pages, i. ¢., 
the treatment of shock, the attempt at reduction of the fracture disloca- 
tions, or removal of pressure on the cord by operation. 

The treatment during the days of convalescence and often many days 
preceding death is a very important phase of these desperate cases. 

The treatment will be directed to the urinary bladder, the rectum, the 
lung, the heart, the local skin disturbances from trophic changes, bed 
sores, edema, abscess, neuritis, atrophy of muscles, the prevention of in- 
fection and sepsis. Certainly this is an appalling group of possibilities. 

The Bladder—A bad cystitis is to be avoided. Unless the pain and 
bladder distention are too great catheterization should be avoided. Over- 
distention of the bladder with incontinence is safer than faulty cath- 
eterization. 

When catheterization must be resorted to the bladder may be irrigated 
with a sterile saturated warm boric solution, followed by a mild antiseptic 
solution. 

The problem of residual urine is synonymous with that of infection of 
the bladder. Any method of treatment that will eliminate residual urine 
will also obviate the occurrence of cystitis. The indwelling catheter in 
itself does not cause infection if residual urine is never allowed to collect. 
The tidal drainage apparatus prevents a residual urinary accumulation 
(Munro). 

Following injury to the cord the innervation of the bladder is altered. 
Ideal treatment calls for: (@) minimum of catheterization; (b) control of 
the distention of the bladder; (c) irrigation of the bladder, and (d) com- 
plete removal of residual urine. 

Urinary infection is the major factor causing death after spinal cord 
injury. If the injury of the cord is above the sacral segment the bladder 
may be expected to recover and resume normal activity. This is accom- 
plished by avoiding a residual urine and an overdistended bladder. The 
ordinary indwelling catheter must not be used. Therefore the sequence 
of events following trauma to the spinal cord is a residual urine followed 
by overdistended bladder, an infection and usually death (Colby). 

The incontinence of feces can be controlled fortunately by the timely 
use of a gentle laxative. A daily cleansing enema will keep the patient 
clean and the rectum well disposed. 

Bed sores, the result of trophic change and continued pressure, are to 
be combated by the care of the probable sites of such lesions. The skin 
is to be bathed regularly and repeatedly with alcohol and powders used— 
to toughen the skin. These are better materials than oils and omtments. 

Ulcers and Sloughing Areas—These are adequately treated by Dakin’s 
solution or hychlorite solution. 

Ulcers, after having been cleaned of sloughs, may be hurried a bit in 
their repair by appropriate strapping. Scarlet red ointment is useful 
in stimulating epithelial growth. Balsam of Peru in castor oil (3 parts 
to 1 part) is helpful to stimulate sluggish granulation tissue. An aluminum 
potassium nitrate poultice is useful. Massage of the entire body is 
called for. 

Appropriate splints and supports are to be made for the problems that 
arise—all calculated to prevent contracture deformities, to facilitate mov- 
ing about a bit and to cheer the justly often discouraged patient. 
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A properly applied. plaster of Paris back “shell” is helpful, affording 
even pressure and being easily removed for the care of the skin over bony 
prominences. 

An adjustable fracture bed is almost essential to the proper handling of 
these cases. 

The Nursing of the Patient—A primary “hopeless case” discourages 
the nurse. The nursing should be supervised by the attending surgeon in 
every small detail. This personal responsibility manifested and assumed 
by the surgeon will fortify, stimulate, and greatly assist the nurse in her 
work. 

The pubic hair of the patient should be shaved for cleanliness sake. 
The urinal should be of the proper type to avoid leakage and soiling. 

The bed must be dry, clean, and smooth. 

The nourishment, food, and ventilation should all have due consid- 
eration. 

Occupational therapy will surely have its place in treatment, and an 
important place it may be. The active and the paralyzed muscles must 
be studied and planned for. 

Attention to these common matters will often result in great comfort 
and always in the gratification of the helpless and hopeless invalid. 


CHAPTER XXV 


INJURIES TO THE INTERVERTEBRAL DISKS 
Je Se bARR, VL D! 


Tue intervertebral disk received little attention from either pathologist 
or clinician until Schmorl, through careful study of spines removed rou- 
tinely at autopsy, pointed out various pathological changes which could 
occur in these tissues. Since that time clinical and experimental study 
has further advanced our knowledge of the role of the intervertebral disks 
in body mechanics. In order to understand the pathological changes which 
occur due to or associated with trauma, it is necessary to understand the 
normal anatomy of the disk. 

Normal Anatomy.—If a macerated dried vertebra (Fig. 554) is exam- 
ined, the upper and lower surface of the body is found to consist of: (1) a 





Fig. 554.—Photograph of a dried macerated vertebra showing the cortical “rim ledge” and 
Paes central portion. Note that the “rim ledge” is deficient posteriorly. (Dr. R. J. 
Joplin. 


slightly elevated strong rim ledge of cortical bone which encircles the 
periphery of the body except posteriorly where it is deficient, (2) a cen- 
tral portion which is composed of a perforated plate of spongy bone. The 
rim ledge represents the “epiphyseal ring” of adolescence which fuses with 
the vertebral body when the growth of the spine ceases. Over this bony 
structure is laid the hyaline cartilage “end-plate” (Fig. 555) which covers 
completely the end of each vertebral body and acts as the superior and 
inferior bounding membrane of the intervertebral disk. The interverte- 
bral disk itself (Fig. 556) is composed of two parts, a ring of dense coarse 
fibrous tissue, the annulus fibrosus (lamellosus), which encircles the gel- 
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atinous semifluid nucleus pulposus and prevents its escape. The fibers 
of the annulus lamellosus are arranged in parallel concentric fashion aris- 
ing from the cartilage end-plate of one vertebral body and extending to 
the same structure on the adjacent vertebra. At the extreme periphery 
the annulus is also intimately blended with the longitudinal ligaments. 
Thus the gelatinous nucleus pulposus is completely enclosed above and 
below by the cartilaginous end-plates and anteriorly, laterally, and pos- 
teriorly by the strong annulus lamellosus under moderate pressure, which 
accounts for the bulging out of the disks between the vertebral bodies. 
The disks make up about one-fifth of the total height of the spinal column. 
Each disk acts as an elastic cushion separating adjacent vertebral bodies. 
The function of the disks seems to be three-fold: (a) to allow mobility 





Fig. 555.—Photomicrograph of a sagittal section through the posterior portion of an inter- 
vertebral disk and two adjacent vertebral bodies. The disk has expanded, encroaching on the 
vertebral bodies without producing a break in the cartilage plate or the bony structure beneath 
it. Note the increased thickness of the cortical bone immediately beneath the disk expansion. 
This may represent a reparative process. The section illustrates the intimate attachment of the 
elastic fibers of the annulus lamellosus to the longitudinal ligament, the ‘‘rim ledge,”’ and to the 
cartilage plate. 


of the spine. No motion of the spine could occur if the disks were not 
present. (b) To cushion the central nervous system from trauma, (c) to 
transmit the superincumbent body weight from one vertebra to another. 
In the erect position each intervertebral disk transmits the whole 
weight of that part of the body which lies above the disk. Thus the lower 
lumbar disks sustain continuously well over half the whole body weight. 
If for any reason the boundaries of the nucleus pulposus are weakened, 
the semifluid material is forced outward under pressure and so escapes. 
Trauma may cause the cartilage plates to be weakened, thus allowing 
rupture or herniation of the nucleus pulposus into the vertebral body. If, 
on the other hand, the annulus lamellosus gives way the nuclear material 
extrudes peripherally. Let us consider these conditions separately. 
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Injury to the Cartilage Plate with Prolapse of the Nucleus Pulposus 
into the Vertebral Body.—The most striking example of this condition is 
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Fig. 556.—Photograph of a fresh specimen of intervertebral disk. Note the circular ar- 
rangement of the outer annulus lamellosus. There is no clear line of demarcation between the 
annulus and the central nucleus pulposus. 





Fig. 557.—Lateral w-ray of the dorsal spine of a young man of eighteen. Two prolapses of 
disk tissue into vertebral bodies are present. The patient had pain and tenderness localized to 
this area following “‘jack-knife’’ diving. The symptoms were immediately relieved by keeping 
the spine extended and prohibiting all flexion for a few weeks. 


associated with fracture of the vertebral body. In cases of compression 
fracture of a vertebra, there is, as pointed out by Rogers (Chapter XXIM, 
p. 460) in most instances injury to the cartilage plate. The reparative 
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process is usually not sufficient to prevent the nucleus pulposus from fore- 
ing its way through the crack in the cartilage into the weakened vertebra. 
There is then narrowing of the intervertebral space as shown by w-ray. 
Hypertrophic degenerative changes may then ensue due to the uncush- 
ioned wear between the adjacent vertebrae. See Chapter XXIII on frac- 
tures of the spine for further illustrations of this condition. 

Nuclear prolapses into vertebral bodies may occur without fracture 
of the vertebrae. They are commonly referred to as “Schmorl’s nodule” 
though first described by Luschka. These nodules are very common. 





Fig. 558.—Photograph of a portion of a spine removed at autopsy. Pedicles have been cut 
near the vertebral bodies, thus removing the neural arch and the spinal cord. A posterior pro- 
lapse measuring 1 cm. (diam.) is present. It occasioned no symptoms but is quite similar to 
those which do cause nerve root pressure. (Dr. R. J. J oplin.) 


Schmorl found one or more prolapses in 38 per cent of the spines exam- 


ined at autopsy. There are various predisposing causes for these pro- 
lapses which may be listed as follows: 


1. Trauma sufficient to cause a break in the cartilage plate. 

2. Weakening of the plate due to the degenerative changes of increasing age. 

3. Congenital weakness of the cartilage plate especially at the points where the em- 
bryonic blood vessels pierced it. 

4. Weakness of the disk associated with pathological changes in the underlying vertebra 
such as tuberculosis, osteoporosis, carcinomatous metastasis, ete. 
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Great medicolegal interest is attached to the problem of injury to the 
intervertebral disk. As has been shown by Schmorl and others, rupture 
of a disk into a vertebral body is a very common finding and may even 
represent anatomical variations without pathological significance. The proof 
that in a given case the rupture was due to trauma would seem to rest on 
demonstration of three points: (1) that adequate trauma had been sus- 





Fig. 559.—a-Ray taken of an injection of lipiodol into the subarachnoid space. A definite 
“filling defect” demonstrated between the fourth and fifth lumbar vertebrae. Note that the 
intervertebral space is narrowed. Man of forty-six suffering from severe left “‘sciatica.” Pain 
radiated down the posterior thigh, posterolateral calf to the lateral border of the foot and was 
completely relieved after removal of the ruptured intervertebral disk which was pressing on the 
left fourth lumbar root. The lesion was at the level of the filling defect shown in the illustration 


above. 


tained, (2) that w-ray examination at or prior to that tume demon- 
strated no prolapse, (3) that x-rays taken subsequently demonstrated a 
definite prolapse. It should be noted that such prolapses do not become 
visible by a-ray until there is sufficient bone reaction to the pressure of 
the nodule to be seen as a line of increased density (bone condensation) 
surrounding an area of decreased density (Fig. 557). It is quite probable 
that several weeks or even months might elapse after such a prolapse be- 
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fore changes sufficient. to be seen by a-ray were present. If an g-ray 
taken immediately after the injury shows such a prolapse with an area 
of increased bone density about it, it is to be presumed that the prolapse 
was present before the injury occurred. If the x-ray taken immediately 
after the injury is negative, it is necessary to have a repeat film taken six 
weeks to six months later to rule out the possibility of prolapse having 
occurred. 

The signs and symptoms of such a prolapse are variable. There may 
be no symptoms or signs whatever, the function of the spine being normal. 
The usual complaint is backache localized to the involved area. There 
may be present tenderness to percussion and palpation of the spinous 
process of the affected vertebra and limitation of motion of the spine asso- 
ciated with spasms of the erector spinae muscles. Attempted motion of 
the affected part may produce accentuation of the discomfort. a-Ray ex- 
amination reveals the diagnosis. The intervertebral space may be nar- 
rowed if the prolapse is large, but in many instances the space seems to 
be unchanged (Fig. 557). 

Treatment.—TIf the symptoms are acute, rest is indicated. Complete 
bed rest may be necessary at first followed by adhesive plaster strapping 
and the use of a corset or back brace to limit motion of the spine. If 
symptoms persist it might be necessary in rare cases to do a spine fusion 
of the affected area. 

Injury to the Annulus Lamellosus with Prolapse of the Nucleus Pul- 
posus Peripherally.—If for any reason, trauma, degenerative changes, etc., 
the fibrous annular ring is weakened, the nuclear material may prolapse 
beneath the longitudinal ligament producing a localized “bulge” in the per- 
iphery of the disk. If sufficient nuclear material escapes to allow narrow- 
ing of the disk, the wear and tear of weight-bearing produces a “grinding 
up” of the remnants of the disk with resultant hypertrophic degenerative 
changes. The spur formation so commonly seen between adjacent ver- 
tebral bodies in 2-rays of persons past middle age is probably in many 
instances associated with localized lesions of the annulus fibrosus. These 
localized prolapses of disk tissue were called “Knorpel-knétchen” by 
Schmorl. He found them present in about 30 per cent of the spines exam- 
ined and felt that they had little clinical significance. In those cases in 
which the prolapse occurs anteriorly and laterally there is no reason to 
suppose that symptoms of any severity should develop. Prolapses which 
occur posteriorly into the spinal canal are in close proximity to the spinal 
cord and nerve roots and by direct pressure on these structures may pro- 
duce a wide variety of symptoms. Neurosurgeons have recognized for 
some years that benign cartilaginous tumors are occasionally found arising 
from an intervertebral disk pressing on the spinal cord or the cauda 
equina. Such tumors have been called chondromas, enchondroses, osteo- 
chondritis, ete. Histologically most of these so-called “tumors” are identical 
with normal intervertebral disk tissue and actually are not new growths 
but prolapses of the intervertebral disk. 

Diagnosis ——The symptomatology of these lesions varies markedly de- 
pending on the location and the size of the lesion. MHerniation into the 
lumbar canal may produce pressure on one or more roots of the cauda 
equina. The chief complaint in most of these cases is intractable pain 
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radiating down the posterior thigh and often into the calf and foot. Usu- 
ally the pain is unilateral but both sides may be involved. Occasionally 
there is saddle anesthesia. Incontinence of urine and feces and extensive 
motor paralysis are rarer manifestations of an extremely large herniating 
mass. The majority of cases are very similar to the familiar lumbosacral 
and sacro-iliac strain with sciatica. The back motions and straight leg 
raising are markedly restricted. There is often a reversal of the lumbar 
curve (kyphosis) and the spine may list away from the affected side or 
toward it; 2. e., contralateral or homolateral sciatic scoliosis. The ankle 
jerk on the affected side is usually absent or diminished. 

Herniations of the intervertebral disk into the spinal canal may occur 
anywhere in the spine. It is apparently most common in the low lumbar 
region. Rarely the dorsal spine may be involved. The symptoms here 
are of pressure on the ventral portion of the spinal cord. If the lesion is 
in the cervical region, there is in addition to the cord symptoms (para- 
plegia, etc.) evidence of involvement of one or more roots of the brachial 
plexus. 

The usual x-ray examination may be entirely negative or there may be 
narrowing of the intervertebral space with occasional localized hyper- 
trophic changes. 

Lumbar puncture, if done below the level of the lesion, may demon- 
strate a partial or complete dynamic block. The total protein content of 
the spinal fluid is usually moderately elevated (45-200 mg. per cent) but 
certain cases show no change from the normal. A few cells may be pres- 
ent but there are no other characteristic changes from the normal. Flu- 
oroscopic x-ray examination after the injection of a contrast medium 
(lipiodol) into the subarachnoid space is an invaluable aid in demonstrat- 
ing and localizing a suspected intervertebral disk herniation. 

If the clinical examination and laboratory findings are consistent in 
pointing to this diagnosis, the treatment is lamimectomy and removal of 
the projecting mass of disk tissue which may be exposed either transdur- 
ally or extradurally. If one or more of the articular facets are removed 
in doing the laminectomy it is probably wise to do a spine fusion of the 
involved area to prevent symptoms of a week back developing. 

The prognosis is excellent if all pressure on the nervous tissue is re- 
lieved before it is irreparably damaged. 

These cases are certainly not so rare as had previously been supposed. 
The possibility of the presence of a herniation of an intervertebral disk 
should be considered in every back injury in which there is a persisting 
disability with associated “sciatica.” Lumbosacral or sacro-iliac fusion for 
strain should not be undertaken until the possibility of this condition 
being present is ruled out by lumbar puncture and if necessary lipiodol 
examination. 
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CHAPTER XXVI 
FRACTURES OF THE RIBS AND STERNUM 


FRACTURES OF THE RIBS 


Anatomy.—Palpation of most of the ribs is comparatively easy. The 
upper seven ribs on each side articulate with the sternum. The eighth, 
ninth, and tenth ribs are connected by the costal cartilages anteriorly, but 
the eleventh and twelfth ribs have no anterior attachment. These lowest 
ribs are, therefore, less liable to fracture. The first two ribs are somewhat 
protected by the clavicle from direct violence, although great depression 
of the shoulder may bring the clavicle to bear directly upon the first ribs, 
and this may be a cause of fracture. The plane of these ribs is definitely 
horizontal. The ribs are so elastic in childhood that fracture then is 
extremely rare. Direct violence is the common cause of fracture. 

Symptoms.—In partial fractures there may be no symptoms. In com- 
plete fractures upon forcible expiration (as in sneezing, coughing, laugh- 
ing, crying, or in breathing hard) pain may be felt at the seat of fracture. 
So definite is the pain that the patient may be able to place his finger 
accurately upon the seat of fracture. 

When the fracture is complete crepitus is often felt by the patient 
when moving or making an expulsive effort. Crepitus is elicited for the 
examiner by firmly placing the palm of the hand flat upon the chest at 
the supposed seat of fracture when the patient coughs. If crepitus is pres- 
ent at the time of coughing, a slight crunch or click will be felt and some- 
times heard. The stethoscope placed near the supposed fracture will 
often assist in detecting the crepitus. The ribs should be palpated sys- 
tematically, and the chest slightly compressed between the two open hands 
anteroposteriorly and laterally to detect crepitus. The natural inclination 
of the ribs should be borne in mind during palpation. Respiration will be 
short and catchy, and accompanied by a characteristic grunt. 

The attitude and movements of the patient are very deliberate, 
guarded, stiff, and in severe cases suggest the movements of a child with 
acute caries of the dorsal spine. There may be a slight cough. 

Complications and Sequelae of Fracture of a Rib.—Ileus may result. 
Injury to the pleura and lung not uncommonly occurs. Its existence is 
manifested by cough, bloody expectoration, and emphysema. Emphysema 
may extend over the whole chest and up over the neck and face and even 
over most of the body. Emphysema unassociated with a wound of the 
superficial soft parts is of little importance. 

Emphysema locally near a fracture of a rib originates from the com- 
munication that is traumatically made between the parenchyma of the 
lung and the subcutaneous tissues. Emphysema that is extensive prob- 
ably starts with smaller or larger injuries to the lung itself independently, 
perhaps, of a fracture of a rib. The bronchial air escapes into the loose 
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peribronchial tissues and, by passing along lines of least resistance, gains 
entrance to the mediastinum, and thence along fascial planes, to the sub- 
cutaneous tissues. The closed pleural sacs are not involved and there is, 
therefore, an infrequency of pneumothorax (Meyer and Lucke). 
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Fig. 560.—Fracture of ribs. Emphysema Fig. 561—Same case as Fig. 560. Em- 


general. Adhesive plaster swathe about chest. | physema entirely disappeared. Contrast the 


Note closure of right eye and puffiness of face two appearances. (Monks.) 
and hands. (Monks.) 
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Fig. 562.—The ‘right intercostal region. In the upper of the three intercostal spaces repre- 
sented the pleura is still intact; in the second it has been removed; in the third the internal in- 


tercostal muscle as well as the pleura has been taken away. Fracture of a rib may cause serious 
injury to pleura, vessel, or nerve. (Schultze and Stewart.) 


Pneumothorax may be present. If the physical signs of pneumothorax 
are associated with only moderate dyspnea, very careful immobilization of 
the fracture should be attempted and morphine administered. If the dysp- 
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nea becomes alarming, aspiration of the chest to remove the air from the 
pneumothorax should be practiced. Injury to the heart and pericardium 
and hemorrhage from an intercostal artery are unusual. A dry pleurisy, 
disappearing rapidly, localized at the seat of fracture, is quite commonly 
detected by the stethoscope. The relations of a rib to the pleura and 
intercostal vessels are important in this connection (Fig. 562). 
Treatment.—The complications must be attended to according to med- 
ical principles. A cough mixture, if necessary, containing morphine is a 
great help during the first week. It is often difficult to reduce a fracture 
of a rib and to hold it reduced. The deformity and loss of function con- 
sequent upon the union of a fractured rib in malposition are fortunately 
not very great. However, the relief of the patient upon the partial im- 





Fig. 563.—Fracture of the ribs. Starting the application of the adhesive plaster swathe to 
encircle the trunk. Fixation of initial end of the swathe at the spine. Notice that the swathe 


is held taut as it is applied. 


mobilization of the fracture is considerable. By pressure of the hand the 
ribs may be steadied and the fragments brought into excellent apposition, 
and by a pad held in place by a swathe of adhesive plaster this apposition 
can be maintained. The application of an adhesive plaster swathe is at- 
tended by much comfort, because pain is relieved and is easily accom- 
plished. The swathe should be broad enough to cover the chest 6 inches 
on either side of the fracture of the rib, and long enough to extend three 
fourths of the way around the body. It is applied as follows: One end 
is fixed to the trunk of the patient at the spine, the patient standing erect 
with the hands upon the top of the head (Fig. 563). The surgeon, taking 
the loose end of the swathe and holding it taut, walks around the patient, 
applying the swathe to the patient’s chest while the patient, standing, 
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turns slowly as if on a pivot toward the surgeon. It is important to avoid 
covering the constantly moving abdomen by the swathe. A swathe made 
of several long strips of adhesive plaster, each strip being 4 inches wide, 
imbricated in the application, will often prove more comfortable than a 
single swathe. The comfort attending the wearing of such a swathe speaks 
much for its efficacy. 

Hammond makes a good suggestion in placing the strip of adhesive 
plaster in fracture of a rib. In order to help approximate the fragments 
the adhesive strip should be applied to the abdomen on the injured side 
and carried parallel with and over the rib broken well up posteriorly to 
the base of the neck. This serves to approximate and immobilize without 
compressing the chest. This method is applicable only to selected cases. 

Operative Treatment—lIf there is great displacement that is irreduc- 
ible by pressure, an incision and elevation of the parts and immobilization 
by suture are to be considered. 

After-treatment——The upright position will give the most comfort. 
The swathe should be changed at least once each week. It will require 
about three weeks for the union to become firm. A cotton swathe may 
be worn during the third and fourth weeks in place of the adhesive plaster 
swathe. At the end of four weeks all swathes may be removed. Massage 
to the seat of fracture will, after the first week, hasten healing and a res- 
toration of the parts to a normal condition. If there have been any pleural 
or lung complications, great precaution should be exercised in the after- 
care. The avoidance of exposure to cold and of great bodily exertion for 
a period of two months or more following recovery from the complication 
is necessary. 

Other injuries, such as strains of the shoulder and back, are likely to 
appear some days after the acute symptoms of a fracture of the rib have 
subsided. It is well to examine the patient with a fractured rib for asso- 
ciated injuries. These associated sprains often cause considerable anxiety 
to the patient for fear that more serious trouble than a broken rib exists. 
In patients over fifty years old “neuralgic pain” at the seat of fracture 
will sometimes persist for several weeks after the fracture is firmly united. 
This may be relieved by application of moist heat to the affected part and 
by counterirritation of a more vigorous kind. The use of tincture of iodine 
and blisters is often a great help. In the aged the shock of the injury is 
considerable. In feeble persons a pleurisy or pneumonia may prove fatal. 

Treatment directed to the removal of the emphysema is ordinarily un- 
necessary. The emphysema usually disappears in a week or ten days. If 
the distention of the subcutaneous tissues is extremely painful and in- 
creases very rapidly, it may be wise to make several antiseptic incisions 
over them, allowing the air to escape, to relieve the tension of the skin. 

Graham, Singer and Ballou have in their book reviewed the chief con- 
ditions following chest injuries. Injury to the chest wall producing a 
fracture of one or more ribs may be the cause of a series of events either 
slight or very serious. 

At first the injured individual may be conscious only of a bruise of 
the chest wall. After a few hours he will notice difficulty in breathing 
and more localized pain. The pain and dyspnea will be relieved by care- 
ful strapping of the chest wall. 
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HEMOTHORAX - COMMON CAUSE - FRACTURE OF RIB 






Prectured Rib 
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Intercostal Artery 
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Fig. 564.—Slight injury to chest wall producing small hemothorax. <A fracture of the rib 
with lacerated intercostal artery bleeding into right pleural cavity and production of a small 
hemothorax with slight shifting of the mediastinum to the left may be noted. When no pneu- 
mothorax is present the fluid level is curved and highest in the axilla. (Martland.) 


LARGE ESMOTHORAX - LACERATION OF DONG 
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Fig. 565.—More extensive injury to chest wall producing large hemopneumothorax. Here 
there is laceration of the underlying lung with production of a hemopneumothorax. The hori- 
zontal fluid level, collapse of the right lung, ballooning down of the diaphragm and marked 
shifting of the mediastinum and heart to the left may be noted. (Martland.) 


534 FRACTURES OF THE RIBS AND STERNUM 


On physical examination there will be found to be tenderness at the 
site of the fracture of the rib and dulness in the chest low down. The 
heart may be pushed a bit to the opposite side from the fluid. These are 





LARGE BENOTHORAX - RUPTURE OF BEART OR GREAT VESSE 
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Fig. 566.—Extensive injury to chest wall producing compression injuries to the heart and 
great vessels. Complete splitting and traumatic amputation of the heart may occur in such 
cases. If the parietal pericardium is intact death from cardiac tamponage often occurs. (Mart- 


land.) 


the signs of a slight hemothorax (Martland; Figs. 564-567). In such 
cases the blood will be absorbed rather quickly. The blood remains fluid, 
it does not clot. If there has been no injury to the lung the blood will 
not become infected and an empyema will not result. 
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Fig. 567.—So-called “mediastinal flutter’ or swing. A sucking wound in the right chest 


with lateral swinging of the mediastinal partition with inspiration and expiration may be noted. 
(Martland.) 


These cases must be very carefully observed and followed. Over the 
tender area of the fractured ribs where is found the dulness associated 
with a hemothorax may be heard fine crepitant rales—evidences of a trau- 
matic pneumonia. This will very likely develop into a bronchopneumonia. 
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Following the injury the fracture of the rib may be associated with a 
rupture of the mtercostal artery and penetration of the lung. The bleeding 
from this artery may be delayed for a few days and be started by violent 
coughing. Bleeding from a torn intercostal artery may occasion serious 
hemothorax. The patient may bleed to death into his pleural cavity. 
Aspiration with a small syringe may determine the cause of the sudden 


onset of dyspnea. The sequence of steps to relieve such a patient would 
be: 


1. Typing the blood for a subsequent transfusion—if indicated. 

2. A general anesthetic administered with pressure sufficient to keep the 
lungs inflated when the pleural cavity is opened. 

3. Ligation of the bleeding intercostal artery by a ligature encircling the 
broken end of the rib. 

Many pleural hemorrhages not immediately fatal may come from an 
injured intercostal artery. 

4. Examination through the chest wound for possible laceration. If a 
laceration of the underlying lung is found it may be drawn into the 
chest wall wound and there anchored by suture so as to favor the 
formation of walling-off adhesions. 

5. Before closing the thoracic wound a tube is inserted into the pleural 
cavity while the intratracheal pressure is increased by the anes- 
thetist so that the lung will be inflated. The tube is then quickly 
withdrawn and 

6. The thoracic wound closed, thus hermetically closing the thoracic cavity. 


When the lung is injured air will escape from the lung: either as inter- 
nal pneumothorax or as subcutaneous pneumothorax at the site of the 
injury to the rib or as a mediastinal emphysema. 

A tension pneumothorax causing a marked shift of the mediastinum 
(Fig. 565) and a collapse of the sound lung presents a very serious situa- 
tion. The collapse will vary with the size of the opening in the lung and 
the presence of pleural adhesions. Its treatment is drainage of air from 
the pleural cavity preventing any inflow of air from the outside into the 
chest. 

The following series of events causing the tension pneumothorax is well 
described by Bettman: 

At the time of injury the rib was bent into the chest and cut into the 
lung in such a way that a small flap was formed. Every: time the patient 
inhaled air was sucked out of the lung through the tear into the pleural 
cavity. When he exhaled this little flap of torn lung closed down and the 
air within the lung was expired but the air already in the pleural cavity 
was retained. In this way following ordinary inspiration and expiration air 
was pumped into the pleural cavity; the patient inflated his pleural cavity. 
Suffocation was caused because he compressed his injured lung and his 
good lung. When an opening is made into the chest enough of the trapped 
air is released to reduce the intrapleural pressure. The mechanism allow- 
ing of this sequence of events for the relief of the tense pneumothorax 
patient is the connection of the tube from the pleural cavity with a bottle 
containing a little water (Fig. 568), Bettman establishing closed drainage 
as for-a case of empyema. 
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In automobile accidents, crushing accidents, an open sucking wound of 
the chest wall may be present; air is sucked into the chest through the 
wound causing a partial or complete pulmonary collapse, also pushing the 
heart, lung and mediastinum to the opposite side (Fig. 567). This move- 
ment of the mediastinum is an extensive swing of the mediastinal struc- 
tures back and forth (Martland). Unless the condition is quickly relieved 
momentary arrest of respiration may take place, followed by dyspnea and 
cyanosis, irregular breathing with rapid and violent action of the accessory 
muscles of respiration, rapid and small pulse, fall of blood pressure and, 
finally, death. The treatment is simple. Rapid closure of the sucking 
wound by sterile dressings held by the hand may save a life. Sutures 
properly placed will close the wound adequately after the emergency 
(Martland) . 

Emphysema is seen quite commonly associated with crushing and com- 
pression injuries. 

Subcutaneous emphysema may be of slight importance. It is found 
over the fracture of the rib. There may be a collection of air in the axilla, 
in the chest wall or at the root of the neck. These collections of air are 
usually absorbed in a few weeks. 

If the air is forced by increasing intrapleural pressure through the 
parietal pleural laceration into the subcutaneous tissues it may extend 
over the entire body, with the exception of the scalp, palms of the hands 
and soles of the feet. 

If the distention of the subcutaneous tissues is extremely painful and 
increases very rapidly, it may be wise to make several aseptic incisions 
allowing the air to escape thus relieving the skin tension. 

Treatment.—Associated with severe injuries to the chest wall will be 
shock. The treatment of shock will be the first consideration. If con- 
siderable hemorrhage has occurred, a blood transfusion will be necessary. 
Fatal hemorrhage may occur from bleeding into the pleural cavity even 
though there is no sign of external hemorrhage. If severe shock exists 
and if there is much fluid in the chest the assumption should be made 
that this fluid is blood. Aspiration will give positive evidence. 

If following a transfusion signs of shock do not clear up there may be 
active bleeding. A direct attack upon the bleeding is indicated whether it 
is in the chest wall from a torn intercosal artery or from a torn lung tissue. 

Hemothorax should not be openly drained. Infection is likely to follow 
such drainage resulting in empyema. A small percentage of the hemo- 
thorax cases will become infected (about 8 per cent, Steward). A simple 
aspiration and air replacement is desirable. There is not a higher incidence 
of infection following this treatment. Bed is the place for a person follow- 
ing injury to the chest wall. Fluid or air in the pleural cavity will cause 
dyspnea, the semisitting posture will be comfortable. The treatment of 
shock by lowering the head of the patient or elevating the foot of the bed 
cannot be followed if there is dyspnea. Aspiration of the chest may relieve 
dyspnea by evacuation of the fluid or air. 

Careful abdominal examination should be made following these crush- 
ing accidents causing chest injuries: for the liver, spleen, kidney, intestine 
and bladder may be ruptured. It will require nice diagnostic ingenuity to 
solve the possibilities. Herein is seen the need for a general surgical train- 


FRACTURE OF RIBS BY MUSCULAR ACTION Or 


ing in preparation for the care of fractures (Surgical Diseases of the 
Chest, Graham, Singer and Ballou). 

Some individuals can stand a larger opening into the thoracic cavity 
than others. The danger of death in a case of unilateral open pneumo- 
thorax varies directly with the size of the opening. If the vital capacity is 
high the opening in the chest may be larger than if the vital capacity is 
low. The vital capacity may be quite low and if there are chest wall 
adhesions of the lung or if the mediastinal contents are fairly rigid from 
induration, a relatively large pleural opening can be withstood. The 
most important aid to minimizing the harmful effects of an open pneumo- 
thorax is to close the opening. 

John A. Steward says it is well to emphasize: Care in examining and 
repairing superficial chest wounds; the immediate closure of deep chest 





Fig. 568.—A, Shows a tension pneumothorax. Note the marked shift of the mediastinum 
causing a collapse of the sound lung comparable to that of the injured one. Note also that in 
the presence of a pneumothorax the level of the fluid, instead of curving is straight and parallel 
to the ground. This straight fluid level is practically pathognomonic of air over fluid. B, Method 
of relieving patient. Note how the fluid in the bottle acts as a valve, allowing air to escape 
during expiration and preventing ingress of air during inspiration. (Steward.) 


wounds and the use of aspiration or valve to control internal pressure; the 
mistaking of systemic shock for right heart embarrassment and the danger 
of using intravenous solutions in the presence of increased intrapleural 
pressure. 

When it is desirable to apply a swathe in women the breasts should be 
elevated and instead of adhesive plaster a muslin or stockinet binder or a 
broad Ace bandage may be applied about the whole thorax. If a bandage 
is used the individual turns may be held in place by stitching at intervals 
with thread and needle. 

Fracture of Ribs by Muscular Action.—This accident is not uncommon, 
and occurs especially in the consumptive. Richardson at Ray Brook finds 
that the incidence of fracture in incipient tuberculosis of the lung is about 
0.08 per cent, in moderately advanced disease 2 per cent and in far ad- 
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Fig. 569.—A, Moderately advanced pulmonary tuberculosis. This film reveals fractures 
of the fifth, sixth, and seventh ribs on the right side and the sixth rib on the left in the anterior 
axillary line. These fractures occurred approximately eight to ten weeks before this film was 
taken. The fine irregular lines of cleavage may be seen in the enlargement and at this time the 
fractures are surrounded by moderate callus formation. The end-result was complete resti- 
tution to normal in less than one year. B, Close up view. 





Fig. 570.—Far advanced pulmonary tuberculosis. Thin young woman in poor general 
condition with a moderate cough. She complained of pain in the axilla. This pain came on 
gradually in the course of a day or so, increased in severity, reaching its maximum in three days, 
was aggravated by inspiration and coughing, and lasted for about one month. This film was 


taken five weeks following the onset of the pain, and reveals the shadow of callus formation in 
the anterior axillary line of the sixth rib on the left. 
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vanced disease is 6.5 per cent. In none of the New York State Hospital 
for Tuberculosis cases was there any history of trauma preceding the frac- 
ture. The cause of the fracture is undoubtedly muscular contraction asso- 
ciated with coughing. The accident may occur in apparently healthy 
individuals from coughing, sneezing and from lifting heavy weights. 
Kleiner reviewed the cases reported up to 1924. The diagnosis of pleurisy 
is often made when really an indirect fracture of the rib is present. The 
x-ray may not reveal the line of fracture until later when the callus is 
evident (Barnwell) (Figs. 568-570). 


FRACTURES OF THE STERNUM 


é; It is difficult to palpate the sternum accurately. The episternal notch 
is felt between the two inner ends of the clavicles. The junction between 
the first and second portions of the sternum is distinctly felt opposite the 





Fig. 571.—Fracture of sternum. Lateral Fig. 572.—Lateral view of an oblique 
a-ray shows (arrow) a depressed fracture. fracture of the middle of the gladiolus with 
(George and Leonard.) slight depression of the upper portion. Frac- 


ture did not show in anteroposterior view. 
(Holderman.) 


second costal cartilage as a ridge. The inner extremity of the first rib is 
continuous with the sternum, thus adding to the rigidity of this part and 
being therefore more likely to fracture in this region. Fractures of the 
sternum are unusual because the bone is protected by the mobility and the 
elasticity of the thorax. Falls, car-bumper accidents, compression of the 
chest, hyperflexion of the spine associated with fractures of the vertebral 
column and the falling of heavy weights on the thorax all are causes of 
fracture of the sternum. Mining operations are associated with the in- 
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cidence of this fracture. The fracture that is usually due to direct violence 
is seated in the upper part of the second portion of the sternum near the 
junction of the first and second portions. The upper fragment is displaced 
backward behind the upper end of the lower fragment. The displacement, 
the abnormal mobility, and possibly crepitus after each respiratory act or 
upon coughing, the localized area of pain, all increased by pressure and 
deep inspiration, help to make the diagnosis certain. Percussion may dis- 
cover dulness if there is a hematoma of the anterior mediastinum. 

The patient stands in a characteristic fashion with body bent forward. 
It is almost impossible to distinguish a dislocation at the junction of the 
first and second portions of the sternum from a fracture within the first 
portion of the sternum. Careful palpation and consideration for the age of 
the patient together with roentgen examination will enable one to decide. 
The ossification of the sternum takes place irregularly. At the twenty-fifth 





Fig. 573.—Oblique fracture of the gladiolus just below the middle. Fracture did not show in the 
anteroposterior view. (Holderman.) 


year all parts are usually ossified. The lesions sometimes associated with 
fracture of the sternum—viz., fracture of the ribs and injury to the lungs 
and heart—are usually so severe that the patient does not recover from 
them. If no complicating lesions are present, the outlook for recovery is 
favorable. It is very important to examine the anterior thorax after falls 
upon the head and shoulders. 

Treatment of Fracture of the Sternum.—Spontaneous reduction has 
occurred in several instances upon coughing or sneezing. Reduction may 
be accomplished in a less spectacular way and, when an immediate replace- 
ment is not indicated because of urgent symptoms, by placing a sand-bag 
between the shoulders of the patient lying supine in bed. If the patient 
is placed upon his back with his head extended over the end of the table 
and the arms are then raised above the head and rotated outward slowly 
and forcibly, the deformity is sometimes reduced. The body of the pa- 
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tient, meanwhile, is steadied by an assistant. Traction and countertraction 
are thus made upon the two fragments (Fig. 574). An adhesive plaster 
swathe should be placed about the chest high up, and held firmly in posi- 
tion by straps across the shoulders. Union takes place in from three to 
four weeks. The fracture is solid in from six to eight weeks. After rest- 
ing on the back in bed for three weeks the patient may be allowed to 
be up occasionally with care to avoid violent exertion. For the greatest 
precaution a Taylor steel back brace, with apron and head support, should 
be used for two months after the patient is up and about. This brace is 
similar to that used in high dorsal caries of the spine. 





Fig. 574.—Position in, and method of reduction of, fracture of the sternum. Notice positions of 
hands of surgeon and assistant. 


Operative Treatment.—Incision and elevation of the depressed frag- 
ment have been done successfully, and are to be considered in difficult 
cases after the shock of the original injury has passed away. Cyanosis and 
dyspnea may be in part dependent upon the displacement of the sternal 
fragments. Relief from these symptoms is often immediate upon the cor- 
rection of the deformity. If there are alarming symptoms immediately 
following the injury operative attempts at relief of the deformity are justi- 
fiable and wise. 


CHAPTER XXVII 


FRACTURES OF THE CLAVICLE AND SCAPULA 
FRACTURES OF THE CLAVICLE 


Anatomy.—The upper surface of the clavicle is subcutaneous through- 
out its whole length (Fig. 575). The acromioclavicular joint is at its outer 
end. The sternoclavicular joint is at its inner end. The clavicle lies in a 
muscular plane made up of the trapezius and sternocleidomastoid muscles 
above, and the deltoid, pectoralis major, and subclavius muscles below 
(Fig. 575). It is important to recognize the situation and the direction 
of the acromioclavicular joint in order to discriminate between a fracture 


Coracoid Clavicle 


Se eae 















Trapezius 


Sternocleido- 


Acromion > mastoid 
k 


Fibers of pectoral's major ; z 


Great tuberosity 
of humerus 


+ Pectoralis major 


Fig. 575.—Muscles arising from and attached to the clavicle, showing the muscular plane in 
which the clavicle lies. 


of the outer end of the clavicle and one of the acromial process. It is like- 
wise important intelligently to palpate the normal shoulder, to determine 
that the acromial process does not form the outer limit of the shoulder, 
but that it is formed by the greater tuberosity of the humerus. 
Symptoms.—The common seat of fracture is in the middle third of the 
bone. The shoulder, having lost the support of the clavicle, falls forward 
and drops inward (Figs. 578, 579), consequently the outer fragment which 
moves with the shoulder drops below the inner fragment and overlaps it 
anteriorly or posteriorly. The inner fragment, having attached to it the 
sternocleidomastoid muscle and being comparatively free to move, is drawn 
slightly upward (Fig. 580). The attitude of the patient is characteristic 
(Fig. 576): he stands with the head inclined to the injured side, thus re- 
542 
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Fig. 576.—Comminuted fracture of the left clavicle. Attitude characteristic; deformity visible; 
the fracture was sutured with wire. (Mixter.) 














Fig. 577.—A fracture of the clavicle at A, the usual situation, would result in considerable 
displacement of the inner fragment. A fracture situated within zy is usually little displaced; 
a, conoid ligament; y, trapezoid ligament; z, coraco-acromial ligament; c, acromion; 6, coracoid 
process; ¢, scapula; d, head of humerus; g, long tendon of the biceps. 
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Fig. 578.—A diagrammatic drawing to illustrate that when the clavicular prop is broken 
and the support of the clavicle is absent the whole shoulder falls inward and forward and the 
scapula tilts outward. (After Davis-Piotti.) 





Fig. 579 —Fracture of the outer end of the clavicle. The outer fragment falls inward. (After 
Davis-Piotti.) 
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laxing the pull of the sternocleidomastoid muscle upon the inner fragment. 
The shoulder upon the side fractured is depressed; the elbow and forearm 
upon this same side are supported by the well hand. This is the attitude 
of greatest comfort and muscular balance. The shoulder—z. e., the space 
between the base of the neck and the greater tuberosity of the humerus— 
is shortened upon the injured side (Fig. 576). If the fracture lies within 
the limit of the coracoclavicular ligament or outside of it, there will be no 
appreciable displacement. The diagnosis under these circumstances will be 
difficult. Localized tenderness and pain and the disability of the arm will 
suggest the lesion present. 

In a careful review (Lee, and Mitchell and Peacock) 8 cases of aneu- 
rysm of the subclavian artery have been found following fracture of the 
clavicle. 





i 
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Fig. 580.—Fracture of the clavicle a little to the outer side of the middle. The inner frag- 
ment is displaced upward by the pull of the sternomastoid muscle. The outer fragment drops 
down by gravity and inward and forward. Note the trapezius, deltoid, sternomastoid, pectoralis 
minor a glimpse; the pectoralis major. The brachial plexus and the subclavian vessels are seen 
behind the fracture. (After Davis-Piotti.) 


Fracture of the Clavicle in Childhood —More than one third of all frac- 
tures of the clavicle occur in children under five years of age. A trivial 
injury is the usual cause of the fracture. A little child may fall from a 
low chair or out of bed and fracture the clavicle. The fracture is almost 
always incomplete or greenstick (Fig. 582). 

The child cries upon moving the arm. Lifting the child by placing the 
hands in the armpits causes pain. The arm of the injured side may be 
used as naturally as the other, or there may be some disability, perhaps 
simply a disinclination to use the arm. If the fracture is a greenstick one, 
a tender swelling appears at the seat of the fracture. If the fracture is 
complete, an unevenness will be felt at the seat of fracture according to 
the amount of displacement. The displacement is usually slight in child- 
hood. The characteristic attitude seen in adults (Fig. 576) is much less 
marked in children, and if the fracture is greenstick, there is no tilting of 
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Fig. 581.—A, The costoclavicular space and the important structures traversing it as seen 
from above and posteriorly. B, The clavicle has been fractured at the usual site and the shoulder 
displaced inward, forward and downward. The characteristic narrowing of this space is seen 
(Berkheiser, courtesy Surg., Gynec. and Obstet.) j 
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Fig. 582.—Roentgenogram of a partial fracture of clavicle. Note at white line the line of cleav- 
age. (Arial George.) 
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Fig. 583.—A drawing to illustrate the relations of structures behind and near the clavicle. 
Note the callus of a fracture of the clavicle. It lies and presses upon the cord of the brachial 
plexus and disabling symptoms may arise therefrom. Note omohyoid, scalenus anterior, the 
trapezius and deltoid muscles; the subclavian vessels, the cords of the brachial plexus. (After 


Davis-Piotti.) 
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the head and depression of the shoulder. If the child, as so often occurs, 
persistently holds the head so that a careful examination is impossible, 
then it is best to place the child on its back, and while its legs and arms 
are held firmly the head and shoulder may be gently and gradually sep- 
arated. The examination can then be satisfactorily completed. 

Treatment in Adults.—The displacement should be corrected and the 
corrected position maintained (Figs. 591, 592). The indications are to 
carry the shoulder and with it the outer fragment upward, outward, and 
backward. ‘s 

The Recumbent Treatment—The recumbent posture may be main- 
tained by many cases of fracture of the clavicle for twelve hours, two 











Fig. 584.—A, Clavicular cross (made of splint board), the two pieces, the width of the shoul- 
ders, being tacked to a vertical piece reaching from the shoulder to the sacrum (see dotted line). 
B, Method of application of clavicular cross (for purposes of simplification the padding is not 
shown). The surface of the splint in contact with the skin should be abundantly padded with 
cotton and covered with a bandage. The affected shoulder is lifted up, backward and outward 
and secured to the cross arms of the splint by straps or a figure-of-8 bandage. The lower part 
of the vertical piece is pushed in close to the sacrum and held by adhesive plaster or buckle and 
straps. 


days, or a week as preliminary to any retentive ambulatory dressing. Such 
supine bed treatment will be conducive to the elimination of muscle spasm, 
displacement by gravity, and marked deformity. The displacement is most 
satisfactorily corrected by the patient lying recumbent upon a firm mat- 
tress. The weight of the shoulder in this position does not impede reduc- 
tion as in the upright position, but assists it. A firm and small pillow 
should be placed between the shoulders. The shoulders fall backward of 
their own weight over the pillow, carrying the outer fragment backward 
at the same time. Padding of the fragments of the clavicle, the applica- 
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tion of pressure to the elbow, may be more satisfactorily accomplished in 
the recumbent than in the upright position. Union ordinarily occurs within 
three weeks. At the time of union or shortly after the patient may be 





Fig. 585.—Apparatus used in the Boston City Hospital surgical out-patient clinic for certain 
simple fractures of the clavicle. Webbing put through 2 pads of felt. The use of this apparatus 
is often very satisfactory. At the back of the neck is a metal square through which the webbing 
has been passed (Fig. 586). 





Fig. 586. Fig. 587. 

Fig. 586.—Felt pads adjusted to the front of the shoulders and anterior edges of axillae. 
The ends of the webbing threaded through the metal square—ends of webbing hanging loosely. 
Note the end of webbing has attached to it a buckle. ; 

Fig. 587.—Shoulders elevated and drawn backward and outward by making the webbing 
taut through the metal square. 


allowed up with a simple retentive dressing, a sling, and a swathe. The 
bed treatment is hard to enforce because the fracture is the cause of so 
little real permanent disability. If there is much displacement and the 
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deformity cannot be corrected and held properly, the bed treatment is 
indicated. In the simultaneous fracture of both clavicles the recumbent 


bed treatment is the best (see Operative Treatment of Fracture of the 
Clavicle) . 





Fig. 588. Fig. 589. 
Fig. 588.—Lateral view of Fig. 587. 


Fig. 589.—Front view with apparatus completed. Ends of webbing are brought around trunk 
and fastened in front by buckle (Fig. 586). 


The Barrel Stave Dressing for Fracture of the Clavicle-—Royster has 
well illustrated this very satisfactory dressing. It was used as the military 
fixation apparatus with decided success. It consists of a flat thin piece 
of wood placed on the front of the chest below the clavicle reaching almost 





Fig. 590.—Posterior view as used by Rynkiewicz. Note adhesive plaster strip from lower bar 
to back to prevent riding up of the appliance. 


to the point of the shoulders. The two shoulders are held steadied to it 
by a figure-of-8 bandage. ; 

In fractures of the clavicle without the common tendency to a drop- 
ping of the outer fragment this form of apparatus is effective. 
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Fig. 591,—Fracture of the clavicle. Method of correction of falling inward and downward 
of shoulder in overriding of fragments prior to the application of the clavicular cross or the 
modified Sayre dressing. 





Fig. 592.—Fracture of the clavicle. Same as Fig. 591. Posterior view, showing extremely forced 
backward position of shoulders. 


a 
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The military use of the wooden cross between the scapulae is very 
effective and simple. The shoulders are held to the cross much as in the 
barrel stave splint by a bandage. By the wooden cross splints the shoul- 
ders are drawn backward. Hawley has devised a simple splint of this kind. 

The Modified Sayre Dressing—The shoulder and arm are unwieldy in 
adults. It is, therefore, necessary in treating a fracture of the clavicle by 
an ambulatory method to secure a very firm hold upon the shoulder in 
order to maintain the clavicular fragments in a good position. Ordinarily 
the clavicular cross is a good dressing. oi 






Fig. 593—Man, twenty- 
four years old. Left clavicle 
fractured by rolling log. 
Immediate paralysis of the 
upper extremity. Seven 
months subsequently clay- 
icle callus resected. No 
subsequent improvement. 
The upper part of the 
trapezius intact. Note at- 
titude of upper extremity, 
seat of fracture pointed to 
by arrow, atrophy of shoul- 
der muscles, upper arm, 
and lower arm muscles. 


(C. E. Briggs.) 


The modified Sayre adhesive plaster dressing secures for an ambulatory 
patient only a fair degree of fixation following fracture of the clavicle. It 
is applied as follows: Provide three strips of adhesive plaster, 4 inches 
wide, and long enough to extend one and one-half times around the body. 
The skin surfaces that are to come in contact—namely, the axilla and chest 
and forearm—are separated by compress cloth and powder. A dressing 
towel, folded like a cravat, is snugly pinned high up about the upper arm. 
This towel may be held neatly by a strip of adhesive plaster. One end 
of the first adhesive strap is fastened loosely about the towel-protected arm 
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with a safety-pin. While an assistant holds the shoulder well back the 
arm is carried backward, and held by the fastening of the first adhesive 
strap about the body. This affords a fixed point at the middle of the 
upper arm. The second strap, with a hole in it to receive the point of 
the elbow, is started upon the posterior surface of the injured shoulder 
and carried under the elbow of the injured side and over the well shoulder. 
The forearm is flexed and rests upon the chest. In applying this second 
strap the shoulder is raised and the elbow is carried forward, thus forcing 





Fig. 594.—Posterior view of Fig. 593. Note position of the upper extremity and the atrophy. 
(C. E. Briggs.) 


the shoulder slightly upward and backward of the fixed point used as a 
fulcrum. A third strap may be placed around the trunk and arm to steady 
all in good position. Over this dressing may be put a Velpeau bandage 
for the comfort of the support which it affords. The adhesive plaster 
should be covered with bits of gauze bandage, in part to protect the skin 
from undue chafing, only sufficient plaster surface remaining uncovered to 
prevent the straps from slipping. Occasionally pads (Fig. 595) upon the 
clavicle may be used to correct the deformity, but the bone is so close 
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to the surface that the skin cannot bear great pressure without damage. 
If pads are used the skin beneath them must receive frequent inspection. 

The plaster of Paris yoke dressing (Billington, Robinson) applied over 
well-padded shoulders and axillae while the patient is reclining supine car- 
ries the weight of the shoulders and effectively holds fragments in correct 
position. This is a plaster of Paris figure-of-8 dressing. The broad surface 
of the bandage applied to the back and side of the thorax does not bunch 
up but exerts an upward and backward push on the shoulders. It is a 
simple and, if carefully applied, effective splint. 

Treatment in Children.—The skin of the child must be protected by 
powder and careful drying before the arm is done up. If it is a greenstick 





Fig. 595.—Fracture of right clavicle and subluxation of the acromioclavicular joint. Notice 
elevation of shoulder by pressure on the flexed elbow and counterpressure on the clavicle by a 
bandage and a pad (x) placed internal to the acromioclavicular joint. 


fracture and there is slight deformity, this deformity should be corrected 
by pressure with the thumbs. An anesthetic should be used. After the 
deformity is corrected and in cases without deformity it is necessary simply 
to restrain the movements of the arm for two weeks. This is best accom- 
plished by a cotton swathe about the body and upper arm, held by straps 
over the shoulders and by a cravat sling. In warm weather and also in 
cool weather, for that matter, the arm is to be inspected frequently, as 
often as every third day, when all the dressings are removed, the parts 
bathed with soap and warm water, powdered, and the simple retentive 
dressing reapplied. With this care only can chafing be avoided. If it is 
a complete fracture, the wooden cross and at times the modified Sayre pro- 
tected adhesive plaster dressing should be used as in adults. The skin is 
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to be carefully protected and the dressing most assiduously watched. It 
requires but forty-eight hours for great chafing to occur with resulting dis- 
comfort and the slow healing of abraded surfaces which often results. If 
union is firm after two weeks or two weeks and a half, the plaster dressing 
should be removed and the shoulder put up in a simple retentive swathe 





Fig. 596.—Double fracture of the clavicle. Note the displacement of the fragments: A, 
Acromion; H, humerus : G, glenoid; C, coracoid process; C, C, C, each on a fragment of the clavicle. 
The arrows point to the sites of the fractures. 





Fig. 597.—Fracture of the right clavicle. Short- Fig. 598.—Fracture of right clavicle 
ening of the shoulder. showing amount of callus present when 
union was completed. The deformity from 
this callus entirely disappeared after several 
weeks. 


and sling; at first, inside the clothes; after three weeks, outside the clothes. 
In very active children the sling should not be removed until four weeks 
have elapsed. Massage should be given to the forearm, elbow, and shoul- 
der after the first week, together with active supported motion of the elbow. 
In both children and adults the protected adhesive plaster dressing should 
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be reapplied at least once every ten or twelve days. If the dressing chafes 
or slips, it may need more frequent renewal. 

Prognosis.—A useful arm or shoulder usually results after fracture of 
the clavicle. Almost all complete fractures of the clavicle with displace- 
ment of fragments, after repair has taken place, show unmistakable evl- 
dences of deformity at the seat of fracture, a diminution in the width of 
the shoulders, and in many instances in children a slight lateral deformity 
of the spinal column (Fig. 597). Fractures within the coracoclavicular 
ligament having little displacement of fragments show no resulting de- 
formity. Very great deformity does not preclude a useful arm. An un- 





Fig. 599.—Illustrating the manipulative operative used by Brockway in certain fractures of the 
clavicle in which a bone graft is inserted. 


united fracture of the clavicle is unusual; it may exist and cause no espe- 
cial inconvenience; it may be unknown to the patient. An ununited 
fracture of the clavicle with considerable callus formation may simulate 
malignant disease of the bone. Laboring men are rarely kept from their 
work more than two months. Fractures of the clavicle in young children, 
if carefully treated, should unite with practically no deformity or disability. 
Greenstick or incomplete fractures may show a general bowing of the whole 
bone which it has been impossible to correct. 

Operative Treatment.—In Recent Fractures—If there is great displace- 
ment which cannot be held reduced, if sharp fragments threaten vessels 
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or nerves, if there is pressure upon either nerves or blood vessels, if the 
fracture is a comminuted one, and if the bone is fractured in two or more 
places (multiple fractures) , it is wise to consider operative measures, espe- 
cially if the recumbent posture is ineffective. The fragments can be ex- 
posed, replaced, and held in position by suturing. It is wise in suturing 
the fracture of the clavicle to use if practicable an absorbable suture mate- 
rial if it is effective. Silver or aluminum bronze wire or a Sherman steel 
plate and screws may be employed. Good results follow this treatment. 
After operation for fracture of the clavicle recumbency and a simple re- 
tentive dressing of a swathe and cravat sling will be needed. It should be 
worn for at least three weeks. 

Following uncorrected fracture of the clavicle there is too often a low 
shoulder and a short shoulder. It is possible to apply a beef-bone graft 
(Brockway) to the fragments of the fractured clavicle successfully and 
advantageously. With care the incision is placed so as to be unnotice- 
able. The fragments are everted out of the wound, the medulla is reamed 
out for % inch from each fragment. Into this space is driven a small beef- 
bone peg. In order to secure sufficient distraction of the fragments a 
spreader with holes near the end of each blade large enough to admit the 
graft is used (Brockway) (Fig. 599). A figure-of-8 dressing of plaster of 
Paris is worn following the operation. 

In Ununited Fractures —lIf the cause of delayed union of the fracture 
is a misplaced bony fragment, an interposed strip of fascia or periosteum, 
or an interposed subclavius muscle, operative interference may be under- 
taken with a reasonable expectation of securing a good result. If, on the 
other hand, nonunion has existed for a long period (a year or more), it is 
highly probable that the ends of the fragments will be so attenuated that 
refreshing these ends for suture would shorten the fragments to such an 
extent that suture would be impossible. Bone grafting may be employed if 
all other methods fail. 
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The spine and acromial process, the coracoid process, and the vertebral 
and axillary borders of the scapula can be palpated with comparative ac- 
curacy. Fracture of the scapula is of rather unusual occurrence, and al- 
ways follows great violence (Figs. 600-602) . 

Fracture of the body of the scapula is transverse between the axillary 
and vertebral borders or comminuted in various directions (Figs. 604, 
605, 607) . 

Crepitus, abnormal mobility, local swelling, and tenderness are present. 
Pain is felt upon attempting to adduct and to abduct the arm. It may be 
impossible to raise the arm to the head. 

Fracture of the Acromial Process of the Scapula.—The epiphysis of the 
acromion unites with the scapula about the twentieth year. If there is a 
fracture present, and not a separation of the epiphysis, which sometimes 
occurs, the line of fracture is ordinarily outside the acromioclavicular joint. 
A fracture may occur through the acromion nearer to the spine of the 
scapula. 

Localized pain, swelling and tenderness, and a flattening of the shoulder 
are present. Crepitus may at times be felt. If the fracture is inside the 
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acromioclavicular joint the flattening of the shoulder will be considerable. 
The head of the humerus is felt in the glenoid cavity, thus ruling out a 
dislocation. 
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Fig. 600—Normal scapula. Axillary view 
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Fig. 601—Normal scapula. Ventral view. 


Fracture of the neck of the scapula is most unusual. If present, it may 
be mistaken for a dislocation of the humeral head. 


The acromial process is prominent. The upper arm is lengthened. On 
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Fig. 602.—Normal scapula. Dorsal view. 





Fig. 603.—Fracture of the scapula behind glenoid fossa. (Dodd.) 
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Fig. 604.—Fracture of the body of the scapula. Bony union with moderate displacement. 
(Warren Museum, Specimen 8111.) 





Fig. 605.—Multiple fractures of scapula. Railroad accident. Man, forty-three years of age 
Lived but one day. (Warren Museum, Specimen 6028.) 
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lifting the arm forcibly upward with the elbow flexed, the deformity is 
corrected, and crepitus is detected. The deformity recurs if this upward 





Fig. 606.—Fracture through glenoid of scapula parallel with axillary border of scapula—an un- 
usual type. (Holmes.) 


pressure is removed. The reappearance of the deformity and the crepitus 
serve to distinguish this injury from a dislocated shoulder. In a thin per- 





Fig. 607.—Fracture of the scapula through the body of the bone. Note normal relations of head 
and the glenoid. 


son palpation of the edges of the glenoid cavity itself will prove rather 
satisfactory; the crepitus and abnormal mobility can thus be more accu- 
rately located. 

36 
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Treatment in General—Immobilization of the upper extremity, except 
the forearm and hand, is necessary. Localized pressure may assist in re- 
taining fragments in place. 

If there is fracture of the body of the scapula, the forearm should be 
flexed to a right angle and held in a sling. The skin surfaces coming in 
contact should be protected by powder and compress cloth. A swathe of 
cotton cloth should be fastened about the upper arm and trunk. If the 
cloth swathe is not sufficient to hold the scapula steady, a swathe of ad- 
hesive plaster should be used broad enough to extend from the acromion 
to the elbow. 

Treatment of fracture of the neck of the scapula with some displace- 
ment may be adequately treated by the recumbent position and traction 
in the abducted upper extremity. The degree of abduction is to be de- 
termined by the use of the fluoroscope. Traction on the upper extremity 
in the abducted position will necessitate elevation of that side of the bed 
to secure countertraction (Hey Groves). 





Fig. 608.—Fracture of the spine and body of the scapula. (Holmes.) 


Fracture of the Acromial Process——The skin surfaces must first be pro- 
tected from chafing. The forearm being flexed, pressure upward should be 
made upon the elbow, so as to lift the arm and relax the pull on the small 
acromial fragment. At the same time counterpressure is made upon the 
inner fragment and incidentally upon the inner shoulder (Fig. 593). This 
pressure and counterpressure will hold the part reduced. The bandage 
must be inspected frequently each day in order to detect and to relieve 
too great pressure upon the elbow and bony parts of the shoulder. Broad 
canvas straps and buckles may be adjusted to this lesion. 

Union will take place in from three to four weeks. It is extremely dif- 
ficult to maintain the reduction of the fragment of the acromion by any 
apparatus. The one previously suggested meets the indications better than 
any other. Massage will materially assist in hastening the absorption of 
blood and will relieve pain. No very great functional disability results if 
union occurs with slight bony displacement. 
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Fig 609.—Fracture of the body of the scapula. Note displacement. Shoulder joint intact. 
Traction on arm did not reduce the fracture. (Sowles.) 





Fig. 610.—Fracture of body of scapula, same case as Fig. 609. Postoperative reduction and suture. 
(Sowles.) 


CHAPTER XXVIII 


FRACTURES OF THE HUMERUS 
FRACTURES OF THE UPPER END OF THE HUMERUS 


Anatomy.—The clavicle may be felt throughout its entire length from 
sternum to acromion. The acromial process of the scapula articulates with 
the outer end of the clavicle. This acromioclavicular joint has an antero- 
posterior direction, and if the line of this joint is continued anteriorly it 
will pass down the front of the upper arm (Fig. 615). The outer edge of 
the acromion is continuous downward and backward with the spine of the 
scapula. The head of the humerus is large compared to the glenoid cavity 
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Fig. 611.—Upper end of humerus. Inner view. 


of the scapula. The joint capsule is thin and lax. The great tuberosity 
of the humerus projects beyond the acromial process, and is covered by the 
deltoid muscle. The point of the shoulder itself is made by the humerus 
and not by the acromion (Figs. 615, 618, 619). 

Examination of the Shoulder.—The uninjured shoulder should be ex- 
amined before the injured shoulder. In injuries doubtful in character, 
associated with much swelling of the shoulder, and which are painful upon 
gentle manipulation, the examination should be made with the aid of an 
anesthetic. Great swelling suggests great trauma; absence of all swelling 
appreciable to the eye suggests slight trauma. 

For the examination the patient should be seated upon a rather high 
stool, so that the shoulder comes to an easy level for manipulation. The 
shoulder should be grasped, so that the head of the humerus can be felt 
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between the fingers and thumb of one hand pressed under the spinous and 
acromial processes. The other hand should grasp the flexed elbow firmly 
in order to make the necessary movements at the shoulder joint (Fig. 620). 
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Fig. 612.—Illustrating the site of a frac- Fig. 613.—A fracture separating the upper 
ture through the anatomical neck of the hu- humeral epiphysis. The pull of the supra- 
merus. (After Davis-Piotti.) spinatus is well shown. (After Davis-Piotti.) 


If the head of the humerus is intact and in its normal place, it will be felt 
to move with the shaft of the humerus, as upon the uninjured side. All 
the normal movements of the shoulder joint should be made passively and 
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Fig. 614.—Upper end of humerus. Anterior view. 


actively—namely, the movements of abduction, adduction, forward and 
backward swing, and rotation (Figs. 621-623). Those movements which 
are painful and limited should be carefully noted. Unless the normal indi- 
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Fig. 615.—View of bones of the shoulder from above. Notice acromioclavicular joint, its 
relations to the bicipital groove and coracoid process. The point of the shoulder is made by the 
great tuberosity of the humerus. 





Fig. 616.—Drawing to show the shoulder joint ligaments, acromioclavicular and the coraco- 
clavicular ligaments. Note the tendon of the supraspinatus, the coracoid process, coracobrachialis 
muscle, the short head of the biceps, long head of the biceps, the pectoralis major muscle. (After 
Davis-Piotti.) 


EXAMINATION OF THE SHOULDER 567 


HVA LAZ 





Cau) 


a 
SEE a, 


Fig. 617.—A diagram of a frontal section passing through the shoulder joint with the arm in 
abduction. Note the attachment of the capsule and how taut it lies in this abducted position. 
Note spine of scapula, acromion process, glenoid process, long head of the triceps cut. Compare 
with Fig. 618. (After Davis-Piotti.) 





Fig. 618.—A diagram of a frontal section of the shoulder joint while the arm is in adduction 
at the side. Note the relaxed condition of the shoulder joint capsule on the inferior surface of the 
joint. Compare with Fig. 617. (After Davis-Piotti.) 
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Fig. 619.—Relations of bones to surfaces of shoulder region. 
projects beyond the acromial process of scapula. 
humerus (compare with Figs. 620, 625). 
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Fig. 620.—Examination of 
shoulder. Method of palpating the 
head of humerus with thumb and 


fingers. Elbow grasped by other 
hand. 


Fig. 621.—Examination of shoulder. Movements of 
shoulder. Normal maximum abduction. 


Notice 
method of grasping head of humerus. 
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Fig. 622.—Examination of shoulder. Maximum adduction. The bend of the elbow, when the 
forearm is flexed to a right angle, comes to the median line of trunk. 





Fig. 623.—Examination of shoulder. Maximum outward rotation. Notice position of examining 
hands. 
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vidual standard of movement is known, as determined by examination of 
the well shoulder, there can be no definite interpretation of the conditions 
existing in the injured shoulder. The condition of the circulation and the 
presence of paresis or paralysis in the limb should be observed. The shaft 
of the humerus should be measured; the measurement best taken is the 
distance between the edge of the acromial process and the external con- 
dyle of the humerus. The patient should be seated with the elbow at the 
side if possible, and flexed to a right angle (Fig. 624). The forearm should 
rest on the thigh of the same side. The direction of the long axis of the 
humerus should be carefully noted. 

The coracoid process of the scapula in all injuries to the shoulder should 
be palpated, for a knowledge of its position assists in locating the head of 
the humerus intelligently (Fig. 625). The examiner should stand in front 





Fig. 624.—Method of measuring Fig. 625.—Examination of shoulder. Palpating 


the length of the shaft of the humerus _ the coracoid processes. Note the position of the hands 
from the acromial process to the ex- and thumbs. 


ternal condyle. 


of the patient, and place the left hand upon the right shoulder and the 
right hand upon the left shoulder, the hands being open. The thumb 
should fall below the clavicle a full fingerbreadth, when the end of the 
thumb will touch the coracoid. It is generally possible to feel the coracoid 
even in very stout people and when much swelling is present. 

The shoulder jomt possesses a very great range of movement. This 
range is of value in the ordinary pursuits of daily life. If any degree of 
the normal movement is limited the disability may be considerable. 

Diagnosis.—It is sometimes impossible to determine the exact lesion 
following an injury to the shoulder from the physical examination without 
roentgen rays. C. W. Blackett has perfected a technic for the roentgen 
study of the shoulder.t Its use enables one to discover and identify small 


1 The Amer. Jour. Roent. and Rad. Therapy, Vol. XXXVII, No. 6, June, 1937. 
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fragments torn from the tendon insertions, calcifications in the tendons 
and changes in the bone itself secondary to injury to the tendons. This 
is an important contribution to the diagnostic methods in use following 
shoulder injuries. Roentgen-ray stereoscopic plates are absolutely essen- 
tial in every injury to the shoulder, whether the force has been excessive 
or mild, that an exact diagnosis may be made. Axillary view roentgen 
rays should be taken so as to give the real lateral view of the relative 
positions of head and shaft fragments. It is of the first importance to 
know whether the head of the humerus is in the glenoid cavity or whether 
it is dislocated; this is determined by palpation and by noting the direc- 
tion of the long axis of the humerus. It is next in importance to learn 
whether there is a fracture of the humerus. If the humeral head rotates 
with the shaft, there is probably no fracture unless there is one with im- 





Fig. 626.—The hinged traction arm splint (Murray) and the Thomas traction arm splint. 
The hinged splint should be used for transportation and is also to be preferred for treatment. 
Used for injuries of the shoulder, arm, elbow, and forearm. (Blake.) 


paction or one of the great tuberosity. If the humeral head does not rotate 
with the shaft, then there is a fracture. If crepitus is present, the diag- 
nosis is confirmed. In elderly people a simple contusion of the shoulder 
from a fall may occasion so great a hematoma without any other damage 
that one may be in considerable doubt whether or not a fracture exists. 
The vessels in the aged are easily lacerated and great extravasations may 
occur and be very misleading. After injury to the shoulder the following 
fracture lesions may be present, and are to be considered: 

Fracture of the anatomical neck of the humerus. 

Separation of the upper humeral epiphysis. 

Fracture of the surgical neck of the humerus. 


Fracture of the great tuberosity of the humerus. 
Fracture of the glenoid of the scapula. 
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In any one of these instances a dislocation of the humeral head from 
the glenoid cavity may exist and complicate the case. 

Simple Dislocation of the Humeral Head, Subcoracoid (Fig. 627) — 
The attitude is characteristic: the affected arm is held flexed, with the 
elbow away from the side and the arm rotated inward. The anterior axil- 
lary fold is lowered upon the injured side. The long axis of the shaft of 
the humerus is inclined inward. The roundness of the shoulder is flattened. 
The acromial process is prominent. The head of the humerus is out of 
the glenoid cavity, and most often lies under the coracoid process. The 
elbow cannot be brought in front toward the median line, nor can the 
hand of the injured arm be placed upon the opposite shoulder. Active 





Fig. 627.—Dislocation of the left shoulder. Note the flat deltoid. Prominence under cora- 
coid. Direction of the long axis of the humeral shaft. Lengthening of upper arm. Left nipple 
lowered. Anterior axillary fold lowered. 


and passive movements at the shoulder joint are greatly restricted. Meas- 
uring from the acromial process to the external epicondyle of the humerus, 
the upper arm, in a subcoracoid dislocation, is lengthened. A soft crepita- 
tion may be detected in manipulating the shoulder, which simulates bony 
crepitus. 

Fracture of the Anatomical Neck (Figs. 628-631) —This occurs in 
elderly people. It is often overlooked. Swelling of the shoulder is evident. 
Anesthesia is often necessary for a careful examination with deep palpation. 
There is thickening of the neck of the bone. Crepitus will be felt unless 
the fracture is impacted. There will be pain upon moving the shoulder. 
Abnormal mobility may be felt high up the shaft close to the head of 
the bone. This fracture lies wholly within the capsule of the joint or 
within its attachment to the humerus. 
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Deformity 





Fig. 628.—Fracture of the anatomical neck of the left humerus. Atrophy of the shoulder 
muscles. Deformity at the seat of the fracture, seen a little below acromial process upon the 
anterior surface of the shoulder just inside the white line. 





Fig. 629.—Normal right shoulder. Compare Fig. 630.—Fracture of the anatomical 
with Fig. 630. neck of the left humerus. Sharp deformity 
anteriorly characteristic. Compare with Figs. 

628 and 629. 
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I am inclined to think that this fracture impacted is far more common 
than is generally supposed, particularly in middle-aged and elderly people. 

It is often unrecognized, the patient being told that he has a bruised 
shoulder and that pain and limitation of motion will disappear shortly. 

Such patients complain of persistent pain about the shoulder joint, 
limitation of motion in the extremes of shoulder joint movements, rarely 
joint tenderness to pressure. “The shoulder doesn’t feel right” is often 
stated. A carefully taken «-ray will disclose a fracture of the anatomical 
neck of the humerus with some little impaction of the bone. 

The treatment of such an impacted fracture will be largely symp- 
tomatic. Use of the joint early and within the limits of persistent after- 
pain will be proper. Moist heat to the shoulder will relieve the pain and 
ache in such a shoulder better than almost anything. If the arm feels 





Fig. 631.—Fracture of the anatomical neck of the humerus (Massachusetts General Hospital 
series). Note changed relations of articular surface of humerus and shaft of humerus. 


heavy and uncomfortable it should be supported by a properly adjusted 
sling. This fracture has its counterpart in old people in the rather un- 
usual impacted fracture of the neck of the femur. This fracture of the 
humerus occurs in adult life, and may happen from slight trauma, and is 
rather tedious in recovery. 

Separation of the Upper Epiphysis (Figs. 632-635) —The separation 
of the upper humeral epiphysis will not necessarily open the joint cavity, 
for the capsular ligament is firmly attached to the epiphysis and the syn- 
ovial membrane is but loosely attached to the diaphysis. The line of the 
separation of the upper epiphysis of the humerus begins on the inner side 
of the head of the bone and runs across almost horizontally, rising toward 
the center of the shaft, and ends in the outer side of the bone, so that the 
epiphysis includes the tuberosities. 

This happens to young people, but never before the sixth year and 
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Fig. 632.—Separation of the upper epiphysis 








of the humerus. Incision facilitated accurate 


reduction. Reduction maintained by abduction and slight rotation outward of the arm. Arrow 
points to upper end of shaft of humerus. X is on the head of the bone articulating with the glenoid, 
but abnormally placed as compared with its fellow, the shaft. 





Fig. 633.—Separation of upper epiphysis 
of the humerus immediately after the accident. 
Note, especially, position of upper arm and po- 
sition of head, and deep crease in skin made by 
the catching of the skin in the upper end of the 
lower fragment. Same as Fig. 634 


Fig. 634.—Separation of the upper epiph- 
ysis of the humerus (left). Notice shortening of 
the upper arm. Unusual fulness internal and 
above normal position for head. White line 
points to deformity. 
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never after the twentieth year. The most frequent period is between the 
ages of nine and seventeen years. Ordinarily, the upper end of the lower 
fragment projects forward and inward, producing a characteristic de- 
formity. This injury may occur either with or without displacement of 
the shaft of the bone, depending upon the force causing the injury and 
upon the muscular pull. The signs are a little like those attending a 
fracture of the surgical neck of the humerus. There may be no displace- 
ment at first and after a few (three) days a distinct displacement ap- 
pears, especially if no attempt is made to hold the- shoulder still. The 
displacement may be partial or complete. Partial displacement is more 
common than complete. The head of the bone is in the glenoid fossa, 
but rotated by the muscles attached to it so that its articular surface looks 





Fig. 635.—Roentgenogram of a fracture 
through the high surgical neck of the humerus. 
Note rotation of proximal fragment in abduc- 
tion, and position of upper end of distal frag- 


Fig. 636.—Fracture of the surgical neck of 


the humerus. The displacement of the upper 
fragment is due to the contraction of the supra- 
spinatus muscle. The lower fragment is pulled 


inward by the combined action of the pectoralis 
major, latissimus dorsi, and the teres major. 
The arm is somewhat abducted by the deltoid. 
(After Davis-Piotti.) 


ment beneath glenoid in axilla. (Healey.) 


downward. It does not rotate with the shaft. 
quality than in cases of fracture—~. e., cartilaginous. Localized pain and 
swelling are present. A puckering of the skin, caused by the hooking of 
the lower fragment into the skin, is characteristic (Fig. 633). Palpation 
reveals the upper end of the shaft as a comparatively smooth surface, 
unlike the end of a fractured bone. The shoulder maintains its rounder 
natural appearance. Grasping the head of the humerus, angular move- 
ment of the humeral shaft will fail to move the head, whereas rotatory 
movement may move it. An absence of shortening of the upper arm 
means absence of great displacement and untorn periosteum. A high 
lesion near the joint in a young patient, showing displacement forward 
and inward of the shaft, is very suggestive of epiphyseal separation. 


The crepitus is of a softer 
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Treatment of Separation of the Upper Epiphysis of the Humerus.— 
When there is no displacement, immobilization of the shoulder joint is 
indicated by body and upper arm swathe and cravat sling to forearm. 

When there is but slight displacement, firm pressure with traction will 
ordinarily correct the deformity. 

When there is much displacement, reduction is often not only hard 
to effect, but sometimes impossible without operative assistance. 

In youngsters the epiphyseal line or surface is more or less rounded or 
conical, consequently it is relatively easy to hold a displaced epiphysis re- 





Fig. 637.—Fracture of the shaft of the humerus below the insertion of the deltoid. Note the 
displacement of the upper fragment in abduction through contraction of the deltoid. Note infra- 
spinatus, teres minor, teres major, latissimus dorsi, long head of the triceps, and external head of 
the triceps. (After Davis-Piotti.) 


duced, but in an older child this same epiphyseal surface is more nearly a 
horizontal plane and it is difficult to keep reduced such a separation. 

The chief obstacle to reduction is the position assumed by the upper 
fragment. The muscles attached to the tuberosity draw the upper frag- 
ment forward and outward so that the humeral articular surface looks 
downward. Attention is called to the fact that placing the lower fragment 
in line with the displaced upper fragment, that is, abducting the upper 
arm, will permit of reduction. Figure 651 shows the abducted position 
maintained by a plaster of Paris splint, but without external rotation. 


37 
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I have found that when it is impossible to secure reduction by the use 
of traction and this position, an incision over the shoulder longitudinally 
with the deltoid fibers and separation of these fibers will enable the finger 
to be introduced to the seat of fracture, then intelligent traction and ab- 
duction, together with slight external or internal rotation of the shaft, will 
reduce the fracture. It is important to put the arm up in that degree 
of abduction which it is found, with the wound open, will best maintain 
reduction. It may be necessary to vary the angle and, at times, to put the 
arm up in extreme adduction or swung forward. * 

Other obstacles to reduction are the capsule of the joint, the bands of 
the periosteum or fascia, or the muscles or tendon of the long head of the 
biceps caught between the fragments. In operating it will hardly ever be 
necessary to resect the head of the bone. In hardly any instance can it 





Fig. 638.—Fracture of the shaft of the humerus above the insertion of the deltoid muscle. 
The lower fragment is drawn slightly outward by the deltoid. The upper fragment is drawn in- 
ward by the pectoralis major, latissimus dorsi, and teres major, which see in drawing. Note the 
long ne short heads of the biceps, the deltoid, and the brachialis anticus muscles. (After Davis- 
Piotti. 


be determined before operating exactly what procedure will be followed or 
what position will be the permanent position for healing. 

Prognosis.—Usually union occurs if there is no displacement or only 
slight displacement, without deformity and with a functionally useful 
shoulder. If there is great displacement, deformity and impairment of 
motion will persist if reduction is not complete. The growth of the hu- 
merus may be interfered with if an unreduced epiphyseal displacement is 
allowed to remain untreated. Compensation will undoubtedly occur in the 
growing child if deformity is not completely corrected. 

Fracture of the Surgical Neck (Figs. 638, 639) —Any fracture below 
the epiphyseal line of the upper end of the humerus and well within the 
upper fourth of the shaft of the bone to the insertions of the pectoralis 
major and the latissimus dorsi muscles may be regarded, for all practical 
purposes, as a fracture of the surgical neck of the humerus. Fracture of 
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the surgical neck is the common fracture of the upper end of the humerus. 
Fracture of the anatomical neck is most often seen in the aged. Separa- 
tion of the upper humeral epiphysis occurs in youth. 
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Fig. 639.—Fracture of surgical neck of the humerus, after reduction by open incision and 
wiring with silver wire. Recovery as to motion complete (2-ray tracing) (Eliot). A suture of 
chromic catgut No. 2 scale might replace the wire suture advantageously. Avoid nonabsorbable 
sutures when possible. 


The head of the bone is found in the glenoid cavity. Passive move- 
ments are associated with pain and elicit crepitus and abnormal mobility 
at the seat of fracture, provided, of course, the fracture is not impacted. 
The arm is slightly shortened. The arm is held flexed with the elbow at 
the side. 
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Fig. 640.—Note muscle pull and reposition of fragments in abduction of arm. Fracture of the 
surgical neck of the humerus. (Henderson.) 


Following fracture of the surgical neck displacements of the fragments 
will occur somewhat as follows: The upper fragment abducted and ex- 
ternally rotated, the lower fragment displaced upward (arm shortened) 
and inwardly rotated. The shortening of the arm due to the upward dis- 
placement of the lower fragment may bring the upper end of this fragment 
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clear up to the glenoid cavity. The presence of the sharp upper end of 
the lower shaft fragment close to the axillary vessels suggests gentle and 
intelligent handling of this injury. 

Continuance of the violence of the accident and muscle contraction and 
fascial retraction combine to bring about these characteristic displacements, 
which are quite common. If after an injury to the shoulder no positive 
gross evidences of fracture or dislocation exist, and there are tenderness 
and localized swelling about the joint, and motion is painful, it is more 
probable that some bony lesion exists than that a simple contusion is 
present. 

Subperiosteal Fracture of the Upper End of the Humerus in Children. 
—J.S. Stone called especial attention to a group of subperiosteal fractures 
of the upper end of the humerus occurring in young children from six to 
fourteen years of age. 

The injury is received by a fall upon the outstretched hand and is fol- 
lowed by more or less complete inability to abduct the elbow from the side. 
The deltoid seems partly paralyzed. There will be detected slight muscle 
spasm about the shoulder in recent cases and tenderness high up on the 
shaft of the humerus. There will be light pain about the shoulder. Crep- 
itus and abnormal mobility will be absent. An z-ray will confirm the diag- 
nosis in these somewhat blind cases. Of course, the line cannot be sharply 
drawn between this group of subperiosteal fractures and those instances of 
fracture in the same region attended by slight displacement or impaction 
not subperiosteal. The important fact to be kept always in mind is that 
children suffering from disability of the shoulder of an indefinite sort as 
determined by casual examination should be examined with extreme cau- 
tion in order to detect if possible a subperiosteal fracture of the upper end 
of the humerus. The prognosis and treatment will be far more definite 
and satisfactory if the exact lesion is determined. 

Fracture of the Greater Tuberosity of the Humerus.—This fracture 
should be regarded as a major injury because of the very considerable dis- 
ability which may follow it. 

Greater tuberosity fracture may result from either a fall upon the 
shoulder or from extreme abduction of the upper arm, associated with 
contraction of the supraspinatus muscle. It may occur either alone or 
associated with a dislocation of the upper end of the humerus. The frac- 
ture with most marked displacement occurs with a subglenoid dislocation. 
If, after the reduction of a dislocation of the shoulder, disability continues 
longer than usual following simple dislocation, suspicion should be aroused 
that there may have been a fracture of the greater tuberosity which has 
been overlooked in the original w-ray associated with the dislocation. A 
stereoscopic w-ray will make the diagnosis positive. The roentgenogram 
should be made with the arm slightly adducted and outwardly rotated. 
In this position the shadow of the great tuberosity stands out most clearly. 

The portion of the greater tuberosity detached may be the whole 
tuberosity or it may be only a thin sliver of bone. The whole tuberosity 
is separated in contusions. If, however, the separation is dependent on 
the contraction of the supraspinatus muscle, only that part to which the 
tendon of this muscle is attached will be pulled off. Following fracture 
of the greater tuberosity there will be considerable limitation of motion at 
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the shoulder, especially external rotation and abduction will be lost. In- 
ternal rotation will be very much increased because of the unrestricted 
action of the subscapularis, whose attachment to the humeral shaft re- 
mains intact. External rotation is lost because of the detachment of the 
supra- and infraspinatus and the teres minor. There will be tenderness 
in the region of the tuberosity. Later there will be atrophy of the supra- 
and infraspinatus muscles due to their retraction and lack of use. 

If reduction of this small displaced fragment is not completed, there 
may be formed an excessive amount of callus, limiting movements of out- 
ward rotation and limiting also abduction and elevation of the scapula 
outward. These latter limitations will be due to the impinging of the 
callus on the acromion or glenoid and to the inability of the supraspinatus 
to act effectively. 

The treatment will depend upon the displacement of the fragment (Figs. 
641, 642). If the fragment is not much displaced the upper arm may be 
put in the position of slight abduction or simply retained by swathe around 
arm and body and the forearm supported by a cravat sling. After two or 
three weeks active motion may be begun. Massage to the shoulder should 
be employed from the time of the injury. The maintaining of the ab- 
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Fig. 641. Fig. 642. 


F ig. 641.—Abduction treatment unessential. (After Watson-Jones.) 
Fig. 642.—Abduction essential. (After Watson-Jones.) 


ducted position to hold the fragments together may be assisted by the 
suspended Thomas arm splint (Fig. 21). The position of extreme ab- 
duction and external rotation of the humerus will prevent callus forming 
which will interfere with complete abduction after healing. The collar- 
button and hairpin accessibility will be possible (Jones). If there is con- 
siderable displacement of the fragment very complete abduction and pos- 
sibly maintaining the arm above the head will secure apposition and union 
of the fragment. Incision and nailing of the great tuberosity to the shaft 
may be indicated. 

The displacement is often posteriorly. The approach to this fracture 
is not satisfactory through an anterior incision. The lateral incision is 
simple and if carefully followed should be ordinarily satisfactory. By this 
route the fragment of the tuberosity may be reached through a splitting 
of the fibers of the deltoid. If the extension downward of the incision is 
not carried too far the innervation of the deltoid will not be exposed. The 
nerve supply enters the deltoid from behind at about the middle of the 
muscle. A splitting of the deltoid is sometimes followed by atrophy of 
the muscle fibers anterior to the splitting. A good incision probably is 
that devised by Kocher from the tip of the acromion along the whole spine 
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of the scapula and then at an acute angle along the whole posterior border 
of the deltoid. 

The a-ray will assist in distinguishing between a simple fracture of the 
greater tuberosity, a bursitis, a fracture of the acromial process or rup- 
ture of the supraspinatus tendon—all of which must be considered in this 
connection. 

Fracture of the lesser tuberosity of the humerus is unusual. It is ordi- 
narily discovered by the roentgenogram. Stereoscopic plates should be 
taken if it is suspected. Treatment will be by internal rotation and ad- 
duction with the forearm flexed at a right angle. If it appears that the 





Fig. 643.—Roentgenogram of a fracture Fig. 644.—Roentgenogram of fracture and 
through the base of the great tuberosity of the displacement of the greater tuberosity of the 
humerus. Note prominence of tuberosity in humerus. (Holmes.) 
its changed position. (Holmes.) 


subscapularis is completely detached and greatly separated, operative treat- 
ment should be considered. The operative approach to the lesser tuberos- 
ity fracture should be carefully chosen. 

Treatment.—For purposes of treatment fractures of the upper end of 
the humerus may be grouped into two large groups: first, those with little 
or no displacement, with a simple interlacing of cancellous irregularities 
on the fracture surfaces, slightly impacted cases, and second, those frac- 
tures with displacement. 

First Group. Fractures Without Displacement—Certain anatomical 
neck fractures, certain few surgical neck fractures, and certain replaced or 
simply started epiphyseal line fractures will fall into this first group. 

Impacted fractures, even if only partial contact is evident, if in gen- 
eral fair alignment exists, should ordinarily be left impacted. The impac- 
tion should not be disturbed. 

These will not require active treatment, but careful restraint of the 
upper extremity for a comparatively short time. It may be that only a 
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Fig. 645.—Fracture of the surgical neck of the humerus. Typical adduction fracture, the 
great tuberosity is not fractured. Traction, abduction, and rotation might alone correct this dis- 
placement. Incision, leverage, rotation, and digital confirmation will surely correct this type of 
fracture. Some of these fractures come for treatment many days after the injury and then 
incision is almost always indicated. 





Fig. 647.—Fracture of the upper end of the humerus. Note hand, forearm, and elbow bandaged 
+ evenly and without compression; axillary pad and strap. 
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cravat sling and steadying swathe encircling the injured upper arm and 
body will be needed for comfort and immobilization. In the aged the 
simplest nonoperative treatment will give good results. 

If greater security and protection are demanded the following is a simple 
immediate method of treatment for fracture of the anatomical and surgical 
neck without displacement: The upper arm, shoulder, and trunk should be 
thoroughly powdered. The hand, forearm, and elbow should be bandaged 
evenly and smoothly with a bandage of flannel not cut on the bias or a 
woven Ace bandage. A V-shaped pad (with the apex of the V in the 
axilla), constructed of sheet wadding with cardboard outside and covered 
with cotton cloth, should be placed in the axilla of the injured side (Fig. 
647). This pad is firm, and fitted to the trunk in order to support the 
inner side of the upper arm (Fig. 648). If thought wise, a thin coaptation 
splint may be placed between this pad and the inner side of the upper 
arm for more direct support. The forearm is held flexed. The shoulder is 
now well padded with one layer of sheet wadding. 

A thin plaster of Paris shoulder cap is applied so as to cover accurately 
the whole shoulder, the anterior and posterior aspects of the chest, and the 
outer side of the upper arm down to the external condyle of the humerus 
(Fig. 648). The shoulder cap may be frequently omitted. It affords com- 
fort and protection, at times desirable and much appreciated on the part of 
the sensitive patient. The use of the shoulder cap is desirable only during 
the period of acute sensitiveness. 

This shoulder cap is made of washed crinoline, six layers thick, into 
which has been rubbed plaster of Paris cream. Its exact shape and extent 
are seen in the plates. This shoulder cap of plaster-crinoline may be dis- 
pensed with safely if the patient is absolutely amenable to control. 

A gauze bandage, encircling the trunk, arms, and shoulders, should be 
used in order to hold the upper arm at the side, and closely applied to the 
coaptation splint and the axillary pad, and in order to secure the shoulder 
pad firmly in place. Often better than the plain gauze bandage is a roller 
bandage of unwashed crinoline, which is applied just after dipping it in 
lukewarm water (Fig. 650). The starch of the crinoline bandage, after 
being wet, stiffens the crinoline as it dries and makes a particularly firm 
and efficient dressing. A towel folded thin or a piece of compress cloth 
should be placed against the trunk upon the well side. Against this the 
circular turns of the bandage rest, thus causing less discomfort to the pa- 
tient than if they bear directly upon the chest. The forearm is supported 
by a cravat sling (Fig. 649). By this method of immobilization no active 
traction is exerted upon the lower fragment. The weight of the arm, being 
unsupported at the elbow, exerts slight traction upon the humeral fragment. 

In the aged it is often impossible to secure perfect reduction following 
a surgical neck fracture. Manual traction, long continued traction in 
bed, or open operative replacement may be required (Haggart). The 
early use of active muscle exercises and progressive use of the arm is highly 
desirable. 

On account of the absence of active traction ambulatory apparatus 
cannot hold a fracture of the shoulder properly if there is much displace- 
ment, particularly if the fracture is oblique. Ambulatory apparatus can 
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Fig. 648.—Fracture of the upper end of shaft 
of the humerus. Posterior view. Note bandage to 
forearm and elbow; axillary pad and strap. 
shape of axillary pad. 








Fig. 650.—Fracture at upper end of hu- 
merus. Arm and elbow bandaged. Axillary 


pad and shoulder cap in position. Application 
of circular bandage to trunk and _ shoulder. 


Sling not shown. 
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Fig. 649.—Fracture at upper end of 
the humerus. Note hand, forearm, and 


elbow bandaged; axillary pad and strap, 
plaster of Paris shoulder cap, sling. 








Fig. 651.—Plaster of Paris splint applied 
in the abducted position of the arm with the 
arm rotated inward to maintain the reduction 
of a separation of the upper humeral epiphysis. 


(Albee.) 
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modify muscular action, insure quiet and rest to the part, and, except in 
the instances just noted, approximately maintain the position secured by 
manipulation and traction and countertraction. On account of its limita- 
tions, therefore, it is important that this apparatus should be removed at 














Fig. 652.—Cleary modification of aeroplane splint showing adjustments and positions. II- 


lustrative of all ambulatory abduction splints, none of which is satisfactory. (From Magnuson 
and Coulter, in International Clinics, vol. iv, Series 30, J. B. Lippincott Co., Publishers.) 


regular and short intervals and that the whole shoulder should be ex- 
amined by w-ray in order to determine errors in position and, if possible, 
to correct them. Reapplication of the apparatus will afford greater comfort. 

After-care of a Fracture of the Shoulder—Ordinarily the great swelling 
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associated with this injury disappears in two weeks. As the swelling sub- 
sides the normal contour of the shoulder becomes apparent again. It is 
necessary, therefore, to alter the shoulder splint and to apply a fresh one. 
When the patient wearing a shoulder cap lies down there is a tendency for 
the shoulder cap to ride up away from the shoulder. This can be guarded 
against by carrying the retaining bandage under the firm axillary pad and 
well over the shoulder. Pressure points should be carefully watched for, 
and any undue pressure removed. In the course of the treatment of a 
single case this change of dressing will have to be made two or three times. 
Union will be firm in from three to four weeks. As soon as union is firm 
all retentive bandages may be omitted. The forearm should then be held 
by a sling supporting the wrist. At night it will be wise to apply a single 
swathe the first week after the apparatus is left off in order to avoid undue 
motion at the shoulder during sleep. 

In these injuries about the shoulder joint active guided motion should 
be permitted rather early. At the end of two weeks repair will have pro- 
ceeded far enough to allow of the gentlest active movement at the shoulder 
without causing any displacement of fragments. The sooner these gentle 
movements can be resumed at regular and short intervals, the more rapidly 
the shoulder will improve. The common occurrence of a periarthritis after 
an injury to the shoulder emphasizes the necessity for massage. It should 
be begun as early as the first week. Passive movements must be avoided 
at all stages of treatment. 

Second Group. Fractures with Displacement—Fracture of the Surgical 
Neck of the Humerus —Considering the displacements of the bone frag- 
ments, the damage to the shoulder joint capsule, to the muscles and 
muscle attachments accompanying every displaced fracture of this region, 
considering these anatomic conditions, it is evident that the best position 
in which to place the upper extremity is in wide abduction and external 
rotation. 

In order to overcome the shortening of the upper arm the abducted 
position alone is insufficient. Shortening can be overcome most easily by 
adequate traction and countertraction. 

The disability, which is very serious following these injuries to the 
upper end of the humerus, is a limitation of abduction and of rotation 
outward. Coupled with these two limitations of movement there is almost 
always considerable loss of power in the shoulder. If the upper fragment 
is displaced by the contraction and retraction of the supraspinatus muscle 
a difficult situation exists. The function of the supraspinatus muscle is 
to hold the head of the humerus fixed against the glenoid. A greater limita- 
tion of active than passive abduction movement when the deltoid is un- 
injured indicates an involvement of the supraspinatus. 

Because these fractures are potential sources of serious disability treat- 
ment should aim at an anatomical restoration of fragments with good func- 
tional results in as short a time as possible (Blake, Worcester, Sever, 
Santee). 

Method of Reduction—A general anesthetic is essential. The use of 
the fluoroscope is also essential; lacking this, roentgen plates for record 
should be used. 
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With the patient lying on the back under complete anesthesia, all 
muscles relaxed, with provision for countertraction by a folded sheet passed 





Fig. 654. 


Figs. 653, 654.—Detail of method of suspension and traction for fracture of the humerus: 
Suspension of forearm is made by bands glued to skin and which are attached by straps and 
buckles to a wooden spreader. A round wooden handle is attached by pieces of elastic webbing 
to ends of spreader, thus enabling patient to exercise the fingers. The arm is suspended by a 
sling of rubber sheeting, one end of which is tacked to one side of a wooden spreader; the other 
end is pierced with eyelets which hook over hooks on the other side of the spreader, so that the 
sling can be reduced for dressings. Traction in case of high fracture (Fig. 653) is made by bands 
glued to the skin of the arm and attached by buckles and straps to a wooden spreader. In low 
fractures (Fig. 654) by doubled band of muslin 6 cm. wide fastened as shown about the padded 
arm just above the elbow. The padding under the band has been omitted in the drawing for the 
sake of clearness. In practice with compound fracture the Dakin pad over the wound suffices. 
Screw heads on the ends of the spreader button into holes in the ends of the band. (Blake.) 


about the thorax high in the axilla, traction should be made on the lower 
fragment gradually carrying the extremity into complete abduction. 

Manipulation and pressure over the lower fragment when it is quite 
clear of the upper fragment will bring the fragments into apposition. 
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Rotation, sometimes ever so slight, of the lower fragment (inward or 
outward according to the degree of displacement), with the forearm at a 
right angle with the arm, will often secure apposition of fragments. 

When reduction is completed the upper extremity should be held in 
the abducted and externally rotated position. This position brings the 
surfaces of the fragments of the fracture of the great tuberosity into 
apposition. 

With the patient in bed this can very conveniently be accomplished by 
means of a sling to the upper arm, with the forearm flexed and a sling 
to the forearm (Figs. 654-656). At times these simple positions as- 
sumed are inadequate to hold the fracture reduced. It will then be found 
necessary to add to the suspension traction (Fig. 656). 

The combination of suspension with traction and abduction and rota- 
tion outward is very effective; a combination serving in restraint of 
displacement, shortening, and subsequent functional disability. 

If the mere reposition of a fracture in this region can be secured by the 
correct position, and traction appears to be unnecessary, then the ambu- 
latory splint may be considered as helpful. 

Very careful checking of the position of the upper end of the lower frag- 
ment is essential by repeated regular roentgen-ray examinations. The 
displacement of the distal fragment occurs unannounced and unattended 
by discomfort. 

I see no good reason for not treating these important cases always as 
bed cases. Under bed treatment adequate control is most likely from all 
points of view. Bed treatment will ordinarily be required about two to 
three weeks. Then the patient may be up with an ambulatory splint, 
gradually bringing the extremity to the side. 

There will be cases of surgical neck fracture which have been unsatis- 
factorily treated—having characteristic shortening and deformity. These 
cases will at times respond to bed treatment, abduction, and traction gradu- 
ally increased. Impacted fractures of the upper end of the humerus with 
the position at all satisfactory are generally best left impacted. Fractures 
adducted are impacted in the inner side of the neck. The great tuberosity 
is not broken. Fractures abducted are rarely impacted but the great 
tuberosity is fractured. By adduction and traction the upper end of the 
lower fragment (pulled inward) may be approximated to the head frag- 
ment and by pressure outward while adduction is maintained the fractured 
surfaces will be opposed (Watson-Jones) . 

If reposition is impossible in these older cases, operative treatment 
should be used. 

In those cases in which the lower fragment is displaced inward it is 
frequently necessary to pull this fragment down before the position of 
abduction can be reached. The ultimate aim in all cases is to reach a 
position of abduction and external rotation as soon as possible (Worcester) . 

It is becoming more and more certain that the universal custom of 
treating fractures of the upper extremity in an ambulatory fashion is not 
satisfactory. 

The accompanying illustrations (Figs. 653, 654, 656) demonstrate the 
very simple method of applying the traction bed treatment. I have 
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Fig. 655.—Improved abduction board for treatment of fractures of the humerus. The long 
horizontal member is placed transversely under the mattress. The vertical member is adjustable 
angularly with the horizontal member by means of the bolt and wing nut connecting them. The 
pulley for the traction cord is mounted on a cross piece which can be raised or lowered on the 
vertical member so as to correspond with the level of the humerus (Fig. 656). (Blake-Bulkley.) 






































Fig. 656—Method of installing traction with suspension for fracture of the humerus: In 
this instance traction is made by bands glued to the arm and buckled to a spreader. The pulley 
for the traction cord is attached to the abduction board, the amount of abduction being adjusted 
by slipping the board in or out under the mattress. Note the arrangement for suspension, the 
hand and forearm being suspended in a plane lateral to that in which the arm is suspended. For 
details of improved abduction board see Fig. 655. (Blake.) 


ae 
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made the legends of these illustrations sufficiently full so that no detailed 
description is needed here. 

The necessity for traction or countertraction, abduction, and rest in bed 
will be determined by the exigencies of the individual case. The Blake ab- 
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Fig. 657—The Jones traction humerus splint. | The ring encircling the shoulder and the 
simple uprights are readily understood. This splint is made in rights and lefts, and is applicable 
to the ambulatory treatment of fractures of the humerus not requiring a position of abduction. 
It is also useful in some fractures of the forearm. ‘Traction may be made by a hitch about the 


padded elbow or as shown in this illustration. (Blake.) 


duction board (Figs. 655, 656) or the Thomas arm splint (Fig. 21) may 
be used in bed abduction treatment advantageously. eAats 

In treating fractures high in the shaft when there is displacement 
particularly if time has passed since the original injury it may be necessary 
to use skeletal traction. The Michael Hoke traction method is effective. 
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Fig. 658.—Arm splint showing traction by three adhesive straps. (Hawley, Kny-Scheerer.) 





Fig. 659.—Case of a boy fourteen years of age. Adduction type of fracture. Comminuted 
fracture of the surgical neck of the humerus (z-ray taken five weeks after the injury). Notice 
rotation of the head of the bone, callus, fragment between shaft and epiphysis. (C.}B. Porter.) 


Skeletal traction obtained by a Kirschner wire through the lower end of 
the humerus or olecranon with the traction upward toward the ceiling 


while the patient is supme in bed will often be effective in reducing dif- 
ficult fractures of the surgical neck. 


PROGNOSIS AND RESULTS 593 


Prognosis and Results—Following fracture of the upper end of the 
humerus, including the surgical neck, the early traction and abduction 
treatment will ordinarily be followed by perfect functional results. The 
long head of the biceps is a factor in maintaining position after reduction. 

If the initial abduction traction treatment is delayed, if the patient is 
very old, if the reduction of the fracture is incomplete, the result may be 
unsatisfactory. 

The results of treatment may be measured approximately by a method 
used by Santee, viz.: 

Abduction measured in degrees with digital fixation of the inferior angle 
of the scapula. 





Fig. 660.—After operation. Silver wire seen in situ. (C. B. Porter.) Same case as that of Fig. 659. 


External rotation in abducted position with the forearm flexed—good if 
20 degrees or more beyond the sagittal plane. 

Internal rotation in abducted position with forearm flexed—good if 45 
degrees or more below the horizontal. By this notation good external rota- 
tion reaches to the back of the head and good internal rotation reaches to 
the sacro-iliac region of the same side, 7. e., good “collar-button function” 
and good “apron-string function.” 

Joint motion following fracture may be lost entirely or restricted for 
three reasons: by some mechanical obstruction due to a displaced frag- 
ment, by cicatricial contraction in tendons or soft parts or by distorted 
joint surfaces. Consequently, it is important not only to approximate an 
anatomical reposition of fragments, but to institute early guided active 
movements. 

38 
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The Prognosis in Separation of the Epiphysis—Bony union is to be 
expected. If there is little or no displacement of fragments, complete 
restoration of function will result. If there is some deformity remaining 
after consolidation of the injury, the usefulness of the shoulder is ultimately 
and usually restored. The deformity becomes less apparent as the sharp 
bony corners are smoothed off by the newly forming callus. It is not to be 
forgotten in considering the prognosis after all shoulder injuries that much 
of the persisting disability may result from too prolonged immobilization 
of the arm, even though bony displacement may not have been very great. 
The growth of the shaft of the humerus in length proceeds largely from the 
upper epiphysis. It has been thought by many that an arrest of growth 
of the humerus will follow separation of this upper epiphysis. A loss of 
growth is not likely to occur in mere separation,-but may follow extensive 
injury to the upper humeral epiphysis. 

Oblique Fracture of the Surgical Neck with Great Displacement.—This 
fracture can sometimes be held by placing the patient in bed upon the back 
and making direct traction to the upper arm and countertraction upon the 
shoulder by weight and pulley (Figs. 653, 654, 656). If the fracture 
cannot be easily held reduced, it will be wise to make the closed fracture 
open and to unite the two fragments by internal fixative material of some 
kind. 

Operative Treatment of Fractures of the Upper End of the Humerus.— 
So great may be the disability from unreduced fractures of this region in 
active adults that if nonoperative reduction cannot be secured operative 
replacement is to be undertaken. 

Compared with several years ago there has been a definite trend away 
from treating fractures of the upper end of the humerus by prolonged fixa- 
tion in a position of abduction and a trend toward simple fixation and 
early active motion (Roberts). 


FRACTURE OF UPPER END OF SHAFT, WITH DISLOCATION OF THE 
HUMERAL HEAD 


Fracture of the Surgical or Anatomical Neck of the Humerus, or 
Separation of the Upper Epiphysis of the Humerus, Together with a Dis- 
location of the Upper Fragment.—The head of the humerus is found in an 
unnatural position and it fails to move when the arm is rotated. This is 
generally thought to be an unusual accident, but by careful examination 
many of these cases may be detected. During the attempt at reduction 
of a dislocated shoulder fracture of the humeral shaft is liable to occur. 

Treatment.—Obviously, attempts at reduction by manipulation in the 
usual way will meet with failure. An attempt should always be made to 
reduce the dislocation by abduction and traction upon the upper arm and 
pressure with the hand upon the loose head in the axilla. It may be pos- 
sible to reduce the dislocation in this manner. If this method fails, an 
attempt should be made to reduce the dislocated head by open incision 
(arthrotomy) and manipulation of the upper fragment assisted by the 
McBurney-C. B. Porter hook maneuver. Many of the unsuccessful at- 
tempts at open reduction of the head of the humerus are undoubtedly due 
to incomplete freemg of adhesions and only partial mobilization of the 
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head of the bone. Adequate exposure of the joint cavity and manual pal- 
pation and section of adhesions will in the majority of cases bring about 
reduction (Hobart). If this attempt is successful, the shaft should be 
sutured with an absorbable suture or fine aluminum bronze wire or held 
by some nonabsorbable fixation to the reduced head, and the shoulder 
treated as if a closed fracture existed. 

If it is impossible to reduce the dislocated head, or if the head is much 
comminuted, it will be necessary to excise it. 

If operative interference has been decided upon, it is best to defer the 
operation until the acute symptoms have subsided and the damaged tissues 
have recovered themselves. It is the result of experience that operation 
through acutely damaged tissues is unwise. The vitality of the tissues is 
lessened by trauma, hence the resistance to infection is temporarily im- 
paired. 

If the reduced head of the humerus becomes necrosed and abscesses 
form about the joint, an unusual occurrence, the head of the bone should 
be immediately excised (see Unreduced Dislocation of the Humerus). 

The After-treatment of Operated Cases—If reduction and suturing 
have been accomplished, active motion should not be allowed until the 
reparative process at the seat of fracture is well under way. This will be 
about the second week. Then gentle movement may be permitted and 
gradually increased. 

If resection has been performed, active and passive motion should be 
gently begun almost immediately—~. e., within the first forty-eight hours— 
and persistently continued. The muscles of the shoulder should be mas- 
saged and treated by electricity. Abduction should not be attempted to 
any great extent for some weeks after the operation for fear of displacing 
the upper end of the humerus. The final results following reduction and 
suturing have been, as a rule, excellent, useful arms resulting in most cases. 
The results following excision are only fairly satisfactory. If the proper 
amount of bone has been removed, ankylosis will not occur. If too much 
bone has been removed, a dangling or flail joint will result. An excision 
is to be avoided if possible. 

Indications for and Results of Excision of the Shoulder Joint for Frac- 
ture and Dislocation.—Excision of the shoulder may be indicated for: (1) 
ankylosis caused by tuberculosis, by an infectious arthritis, or by a frac- 
ture; (2) for a crush of the upper end of the humerus, 7. e., comminuted 
fracture; (3) for an irreducible dislocation of the humeral head; (4) for a 
dislocation of the humeral head associated with a fracture of the anat- 
omical neck, surgical neck, or greater tuberosity. 

By an excision of the shoulder in this connection is understood ordi- 
narily not the removal of the articular upper end of the humerus and the 
glenoid surface of the scapula, but the removal of the upper end of the 
humerus solely. The so-called “excision,” therefore, is a partial, not a 
complete excision of the shoulder joint. 

The amount of bone removed will, of course, depend upon the exact 
lesion present. The smaller the amount of bone removed, the better. If 
there is an anatomical neck fracture with a dislocation, usually it is wise to 
remove the anatomical head of the bone. If there is a surgical neck frac- 
ture every effort should be made to reduce the displaced head, and then to 
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secure apposition of the fractured bones. The removal of the head and 
shaft above a surgical neck fracture may be at times absolutely necessary, 
but it may result in great impairment of motion at the shoulder joint. Re- 
attach tendinous insertions. 

I have studied the results of excision of the shoulder in 19 cases. All 
were subcoracoid dislocations of the shoulder excepting 2; one of these was 
a posterior dislocation and one was a subglenoid dislocation. These cases, 
coming from one clinic, that of the Massachusetts General Hospital, have 
been treated under very similar conditions. They are comparable cases. 
They form a group of very considerable practical importance. 














Fig. 661.—2-Ray showing fracture of the greater tuberosity with dislocation of the head of the 
humerus. 


The mortality in these 19 cases is zero. The results obtained in this 
group, together with those found in the carefully analyzed series of cases 
in literature, consisting of 21 excisions (Mason1), establishes a standard 
for excisions of this joint in 40 comparatively recent cases. 

Following the excision of the upper end of the humerus there will be 
limited power in the shoulder; a distinct diminution in strength; limited 
active motion in abduction, in adduction, and in anterior and posterior 
swing; muscular atrophy; possibly the formation of plaques of new bone 
about the old joint from detached periosteum. These pieces of new bone 
may seriously impair motion. Deformity and pain may follow an excision 
of the shoulder joint. 
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These 19 operations were done either immediately after the receipt of 
the injury or in from one to eight months following the injury. Twelve of 
these excisions of the shoulder were for fracture or dislocation, the re- 
mainder were for tuberculosis. Almost always the anterior incision was 





Fig. 662.—Fracture dislocation of the shoulder; unimpacted type, before treatment. (Watson- 
Jones.) 


employed. Many of the results were functionally useful. The surgeon’s 
standard of result is high. The patient’s standard of result is relatively 
low. The surgeon is looking for restoration to the normal, an absolute 
result. The patient is looking for an amelioration of the disability occa- 





Fig. 663.—The same as Fig. 662 after manipulative reduction. The head of the humerus is 
replaced so that the articular surface is in contact with the fractured surface of the shaft. (Wat- 


son-Jones.) 


sioned by the original accident—any improvement is, therefore, hailed by 
him with delight. 

It is very generally accepted that the reposition of the head of the dis- 
located humerus is the ideal treatment for cases of fracture dislocation or 
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of unreduced dislocations, because the reports from such reposition give 
better functional results than treatment by any other method (Figs. 662- 


665) . 






Fig. 664.—The same case as Fig. 663 after rotation of the head through a small incision. Good 
reduction has been secured. (Watson-Jones.) 


The result following a noperative reposition or reduction is better usu- 
ally than the result of an excision. For this reason Curtis has very 
properly designated (and Mason has lately followed Curtis) the results of 
reposition as perfect, good, and fair; while the results of excision of the 


vale 


Fig. 665.—The same as Figs. 663 and 664 two years later. Complete degeneration of the head and 
ankylosis of the joint. (Watson-Jones.) 


shoulder are classified as good, fair, improved, and bad. The best excision 
can only be a good result. It is never equal to the perfect reposition. The 
fair or second best excision will be no better than a good reposition. This 
classification of results has been used in studying the cases here recorded. 
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Tn certain cases an arthroplasty of some form may improve the results 
of simple reposition even beyond what they are at present. The better 
functional result of operative reposition over excision should induce the 
surgeon to make every effort at reposition before excising the head of the 
bone. Berg assembled fragments about a graft driven into the shaft. 

I am quite positive that excision is too often done because it is a little 
easier and quicker than attempts at operative reduction. If one wishes to 
secure ultimately the best for his patient, he will make safe but strenuous 
efforts to reduce the head of the bone and not to excise it. The too fre- 





Fig. 666.—Fracture dislocation of the right shoulder. Excision. Condition eight years subse- 
quently. (Massachusetts General Hospital series.) 


quently poor results following excision emphasize the importance of this 
suggestion as to treatment. 

An individual unable to put hand to head, unable readily to feed him- 
self because of limited power in forward swing and abduction—incapaci- 
tated for the ordinary acts of life, to say nothing of loss in trade or business 
—is seriously handicapped. Functionally, the result of a dislocated shoul- 
der replaced by manipulation may be serious; of a fracture dislocation of 
the shoulder replaced by incision may be much more serious; of a fracture 
dislocation excised may be most serious. 

About 59 per cent of these cases had fair results. I am impressed by 
the disability following excision of the shoulder. 
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The farther away from the joint the fracture occurs—. e., the nearer 
the fracture is to the shaft—the greater is the likelihood of being able to 
reduce the displaced head by hook, by digital pressure, by periosteum 
elevator, or by blunt dissector leverage. Every reasonable effort should be 
made to secure an ideal result. Reposition is ideal. Excision at best is 
but second best. 

There are very few cases on record in which the surgeon has fixed the 
fracture of the shaft by a carefully applied steel plate held by screws and 
then has reduced the displaced head assisted by the artificially immobilized 
fracture. 





Fig. 667—Fracture dislocation of the left shoulder. Excision of the head of the humerus. 
Result nine years later. Note the atrophy of the deltoid on the left side. Works every day. 
Note the deformity of the shoulder region. (Massachusetts General Hospital series.) 


Case of Fracture Dislocation of the Right Shoulder. Ezacision of 
Humeral Head.—Report eight years after operation (Fig. 666). 

S. F. H., No. 104,073. Dentist. A man sixty-four years old. Eight 
weeks before he had received, through a fall, a fracture of the humerus and 
a dislocation of the head of the bone. Excision of the head of the humerus 
was done. The wound was drained. 

Eight years subsequently the following report is received. He is able 
to do a great deal of work with the arm. He can put the index finger to 
the lobe of the ear. He cannot feed himself with that hand. He has little 
trouble excepting some rheumatism at times (Fig. 666). 

Case of Fracture Dislocation of the Left Shoulder. Excision of the 
Head of the Humerus—Result nine years later (Fig. 667). 
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A. F. P., No. 105,896. A man forty-eight years old, a sailor. Follow- 
ing a violent blow upon the left shoulder two months ago a fracture of the 
anatomical neck together with a dislocation resulted. All motions of the 
shoulders were much limited and painful. An excision of the head of the 
bone was done with difficulty. The chisel was needed to free the bone 
completely. Many periarticular adhesions were divided. Nine years later 





Fig. 668.—Fracture of the anatomical neck of the humerus. Excision of the head of the bone. 
Result nine months later (Fig. 669). 
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Fig. 669.—Anatomical neck fractured in Fig. 668. This is the head of the bone removed (Fig. 668). 
he reports that he is able to work every day. The arm bothers him very 
little. He cannot put his right hand upon his head, but he can put on 
and take off his hat with his right hand. He says his arm is as good as he 
can expect. Ten years later he can place hand on neck, but not on 
shoulder. He can move in abduction 45 degrees. He can put hand behind 


back (Fig. 667). 
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Case of Fracture of the Anatomical Neck of the Right Humerus with 
Dislocation of the Shoulder. Excision of the Head of the Humerus —Re- 
port after nine months. 

G. A. Male clerk, thirty-one years old. Fell and sustained a sub- 
coracoid dislocation of the right humerus six weeks previously. Because 
of a fracture of the anatomic neck of the humerus it was impossible to 
reduce the dislocation. Consequently, an excision of the head of the bone 
was performed through the anterior incision. 

Nine months later he has fair use of the arm. All attempts at abduc- 
tion are associated with movements of the scapula (Figs. 668, 669) . 

Case of Dislocation Fracture of the Left Shoulder. Irreducible. No op- 
eration Done.—Result six years after the accident. 

The patient is able to put the left hand upon the top of his head with- 
out bending the head more than a trifle. He cannot quite place the left 
hand squarely upon the right shoulder. He can place the left hand be- 
hind his back, but a little less readily than the right hand. 

He can raise his left arm to a horizontal in the forward swing. He can 
abduct the left arm slightly beyond a right angle. 





Fig. 670.—Irreducible fracture dislocation of the left shoulder, unoperated upon. Condition six 
years after operation. 

There is a little difference in his reach, the left arm being slightly 
shorter than the right. The left arm hangs away from the side further 
than the right. The back of the left hand faces forward. 

He has some discomfort at times because of a little “catching,” as he 
expresses it, in the left shoulder. The left arm gets a little more tired at 
times (Fig. 670). 

This case of unreduced and unoperated fracture dislocation of the 
shoulder is most instructive. The patient was an adult, a superintendent 
in a brewery. Six years ago he fell, dislocating the left shoulder, fracturing 
at the time the greater tuberosity of the humerus. Today, six years after 
the injury, he has recovered, with a remarkably useful shoulder, although 
the humeral head is still dislocated. The extent of the movements of the 
shoulder joint is best seen in the photographs (Fig. 670). He complains 
only that the arm becomes a little tired after some hours’ walking about. 
It seems to him less well supported at the shoulder than the other arm. 
Soe the hand in the coat for a few moments relieves him of this tired 
eeling. 
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Other similar cases have been recorded. The results in certain un- 
operated and unreduced dislocations are as good as in some excisions of 
the shoulder, and are often better than in many excisions of the shoulder. 

At reposition by manipulation or incision is impossible, and there is no 
pain for which excision is demanded, it may be wise in a certain very 
limited number of cases to avoid an excision of the head of the bone. Cer- 
tain it is that in a few irreducible and unreduced cases of dislocation of 
the upper end of the humerus a remarkably good result has followed with- 
out excision. 
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The place of fracture of the shaft of the humerus varies with the age of 
the patient. The older the patient the higher will be the fracture, the 
younger the patient the lower is the level of the fracture (O’Shea) . 


Shaft of 
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upper frag- 
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humerus, 
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_. Fig. 671.—Fracture of shaft of humerus, Fig. 672.Fracture of the shaft of the 
high. Displacement of lower end of upper frag- humerus in lower third. Displacement of both 
ment inward (a-ray tracing). fragments forward (z-ray tracing). 





Fracture of the shaft of the humerus may occur at any point between 
the surgical neck and the condyles. Fracture is caused by direct or in- 
direct violence. Torsion of the bone and muscular action, as in throwing a 
baseball, may be causes of fracture of the shaft. Its common seat is at the 
middle or in the lower third of the bone (Fig. 672). The twisting force 
exercised in the breaking up of adhesions in and about the shoulder joint 
will often fracture a humeral shaft obliquely. The strength test of the 
arms, as seen in the illustration, has been the cause of spiral fracture of the 
humerus (Figs. 673, 674). 

Symptoms.—The symptoms are readily recognized. They are swelling 
at the seat of fracture, pain, crepitus, abnormal motion, and ecchymoses. 
Paralysis of the musculospiral nerve may occur, with the characteristic 
wristdrop. Ordinarily, the attention of both the patient and the surgeon 
is so occupied with the fracture of the bone and its associated loss of move- 
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ment that loss of power and sensation, because of involvement of the nerve, 
goes unrecognized. If injury to the musculospiral nerve is not recognized 
at the outset, it may be overlooked until the splints are removed. The 





Fig. 673.—Trial of strength of arms resulting sometimes in spiral fracture of the humerus 
(Fig. 674). (Monks.) 


exact duration and the cause of the paralysis cannot then be readily 
ascertained. The patient may wrongly attribute the paralysis to the pres- 
sure of the splints. Very rarely injury or pressure upon the large vessels 
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Fig. 674.—Illustrating spiral fracture of humerus (Fig. 673). (Monks.) 


of the arm is met with. Damage to the artery will be suggested by weak 
or absent pulse at the wrist or by local evidences of hemorrhage. A swell- 
ing appearing suddenly, greater than that which would appear from the 
laceration of soft tissues alone, should suggest rupture of large vessels. 
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Fig. 675.—Anteroposterior view. 
Same case as Fig. 676. Comminuted 
fracture of shaft of humerus. Note the <s Pa 





displacement of fragments and obliquity Fig. 676.—Lateral view of comminuted frac- 
of lines of fracture. The application of ture of the shaft of the humerus. Note spiral and 
a steel band would reduce the fracture, oblique lines of fracture. Displacement and 
but it is not necessary to use a steel shortening. There was no nerve involvement. 
band. Same case as Fig. 675. 
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Fig. 677.—Same case as Figs. 675, 676. Treated by immediate traction and coaptation splints. 
Illustrating the effect of utilizing by traction the coapting and lateral pressure of the muscles and 


fascia. 


Clear space 
between 
fragments 





Fig. 678.—Longitudinal fracture of shaft of humerus into the joint. Displacement of smaller 
fragment backward. Note space between fragment and shaft. Arm extended. 


No space ! 
seen |. 





Fig. 679.—Same as Fig. 678. Note the disappearance of space between fragments with correction 
of deformity upon flexing forearm. Position reduces the fracture. 
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Fig. 680.—Method of application of Jones’ humerus traction splint: Traction may be ob- 
tained as indicated by means of a strap passing over the upper end of the forearm, in which case 
a thick felt pad should be interposed between it and the skin. In other cases traction is obtained 
by adhesive strips applied to the mesial and lateral skin surfaces of the upper arm (Fig. 657). 
(Massachusetts General Hospital Conference.) 





Fig. 681.—Fracture of the shaft of the left humerus. Note the Jones traction splint ap- 
plied; method of securing traction by windlass and countertraction in axilla against side of body. 


(Leland.) 
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Measurement of the humerus should be made from the edge of the acromial 
process to the external condyle of the humerus (Fig. 624). The amount 
of overlapping of the fragments will be shown by this measurement. 

Treatment.—For purposes of treatment, fractures of the shaft may be 
grouped into those with little or no displacement and those with con- 
siderable displacement and difficulty of retention after reduction. The frac- 
ture should be reduced by traction upon the condyles of the humerus and 
countertraction upon the upper arm and by manipulation of the fractured 
bones. 

(A) Treatment of Fractures of the Shaft of the Humerus with Little or 
No Displacement (Figs. 687, 688)—The treatment here described is 





Fig. 682_—Same case as seen in Fig. 681. Posterior view of Jones’ arm splint. Note windlass for 
extension; fitting of leather-padded ring to the axilla. (Leland.) 


satisfactory for many fractures of this special type—with little or no dis- 
placement. The following materials are needed for the apparatus to be 
used: Ordinary dusting-powder (which is powdered oxide of zine and 
powdered starch, equal parts); a bandage of shaker flannel 3 inches wide, 
not cut on the bias, or a woven Ace bandage; an axillary pad made 
with several layers of sheet wadding covered with a folded piece of paste- 
board, and the whole inclosed in cotton cloth stitched at the edges; the 
pad is V shaped, and long enough to extend from the apex of the axilla 
to just above the internal condyle of the humerus; it is broad enough to 
support the upper arm comfortably and securely; the lower part of the pad 
is about 3 inches thick (Fig. 689), so as to support the arm only a trifle 
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abducted from the side—that is, just away from the perpendicular. If 
the axillary pad is too short there is danger of causing an outward bowing 
of the humerus (Fig. 697). Two straps are attached to the upper corners 
of the apex of the V-shaped pad long enough to surround the body and go 
over the opposite shoulder. These straps hold the pad in position. The 
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Fig. 683—Schematic outline drawing. Fig. 684—The arm is suspended. The 
Fracture of humerus in lower third as admitted position of the fragments is improved, but 
to the hospital. Note the displacement of there is insufficient traction and too heavy 


fragments. Patient lying in bed; arm sup- weight on the arm. Note uncorrected position 
ported with elbow bent to a right angle. (M. of fragments. Note board under mattress 
K. Smith.) holding pulley on upright. (M. K. Smith.) 


remaining apparatus consists of two or three thin coaptation splints for 
application to the upper arm; these are made readily by laying thin splint 
wood upon adhesive plaster, and splitting the wood longitudinally (Fig. 
690); three adhesive straps 2 inches wide to hold the coaptation splints; 
an adhesive plaster swathe wide enough to extend from the acromion tip 















































Fig. 685.—The traction has been increased and the weight on the arm diminished. The align- 
ment is now good. (H. K. Smith.) 


to the external condyle, and long enough to surround the body and upper 
arm; a cravat sling; a thin towel or piece of compress cloth for the forearm 
to rest upon. All these articles should be in readiness. 

Etherization of the patient will rarely be necessary. In cases of ner- 
vous and sensitive women and unmanageable young children it will be wise 
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to use an anesthetic. The whole upper extremity, axilla, and chest should 
be washed with soap and water, thoroughly dried, and dusted with powder; 
then the reduced fracture is held in position by an assistant while the ap- 
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_ Fig. 686.—Fracture of humerus, comminuted. Beginning union on thirtieth day. Consoli- 
dation on the forty-fifth day. _Sequestrectomy on the forty-sixth day. Note method of super- 
imposed photograph for recording results—accurate and telling. (M. K. Smith.) 


paratus is being applied. The hand, forearm, and elbow should be loosely 
but evenly covered by a flannel bandage (Fig. 647). The upper arm 
should be surrounded by the coaptation splints, held in place by three 
straps of adhesive plaster, so as to secure the fractured bone perfectly 
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(Fig. 686). The axillary pad should be placed in the axilla and held by 
the straps passed over the opposite shoulder and under the opposite axilla. 
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Fig. 687.—Fracture of the shaft of the Fig. 688.—Fracture of the shaft of the 
humerus. Note bandage to hand, forearm, and humerus. Note bandage to hand, forearm, and 
elbow; axillary pad and strap; coaptation elbow; adhesive plaster swathe holding arm 
splints and sling. Bandage does not cover upon axillary pad and covering coaptation 
fracture. splints. Sling. 
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Fig. 689.—Note the space to be filled by suit- Fig. 690.—Coaptation splint seen 
able pad between the inner side of upper arm just flat and in section. Made by laying thin 
above elbow and the chest and loin in case of frac- | wood on adhesive plaster and splitting 
ture to shaft of humerus. the wood with knife. 


The upper arm should rest comfortably upon the pad. To prevent chaf- 
ing, the thin towel or compress cloth should be placed beneath the fore- 
arm where it touches the body. The plaster swathe should then be 
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Fig. 691.—A splint for holding comfortably and advantageously a fracture of the shaft of 
the humerus. Splint made of heavy cardboard reinforced by adhesive plaster strips. (von 
Hacker’s Clinic.) 





Fig. 692.—Humerus splint in position. (von Hacker’s Clinic.) 





Fig. 693.—Humerus splint in position and held by bandages about neck, trunk, upper arm, 
forearm, and hand. (von Hacker’s Clinic.) 
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applied over the arm to the body, so as to encircle completely the trunk 
(Fig. 688). Thus the arm is absolutely fixed to the axillary pad and side. 
The wrist should be supported in a cravat sling passed around the neck. 





Fig. 694.—Splint for fracture of the humerus: A, Chest piece; B, upper arm support; C, forearm 
splint; E, reinforced angle. (Osgood and Penhallow.) 


The elbow is left unsupported. The weight of the upper extremity will 
thus tend to exert slight downward traction upon the lower fragment of 
the humerus. Under no circumstances should an ordinary broad sling be 





Fig. 695.—Splint for fracture of the shaft of the humerus: Pads applied before adhesive swathe 
is in place. (Osgood and Penhallow.) 


used because of the danger of making upward pressure upon the forearm 
and elbow and so pushing up the lower fragment of the humerus. The 
elbow joint should not be immobilized for the reason that it would then 
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be much more difficult to hold the seat of fracture fixed. With the elbow 
joint fixed the lower arm of the lever is greatly increased, and instead of 
movement of the forearm taking place at the elbow joint it would take 
place at the seat of fracture (Fig. 698). Fractures of the shaft of the 
humerus are frequently treated by an internal angular splint and coapta- 
tion splints, the upper ends of the splints barely reaching the fracture, or, 
at best, being 1 or 2 inches above it (Fig. 698). When the fracture of 
the bone is within the lower third of the shaft, then and then only should 
an internal angular splint be used in connection with coaptation splints. 
The Osgood and Penhallow splint of tin is sometimes of great service (Figs. 





Fig. 696.—Ambulatory traction. Frac- Fig. 697—Showing effect (bowing out- 
ture of the shaft of the humerus at X. Over- ward) of too short an axillary pad upon a 
riding and lateral displacement of fragments. fracture of the shaft of the humerus. 

Note: Coaptation splints, internal right-angle 

splints. Two weights, one pulling through 

medium of right-angle splint and the other 

through adhesive plaster attached to upper 

arm as high as the seat of the fracture. Note: 

Sling as a cravat supporting only the wrist. 

Traction is thus exerted upon the lower frag- 

ment of the humerus. 


694, 695). The splint of cardboard from the clinic of v. Hacker is often 
indicated (Fig. 691). 

These latter splints enable the surgeon to control slight deformity at 
the seat of fracture; the lower humeral fragment, by abduction, will be 
more nearly brought into line with the upper fragment. 

If there is a compound fracture of the humerus, or if the fracture re- 
quires considerable permanent traction in order to secure its reduction and 
immobilization, or if an adjustment involving rotation of the fragments 
in the long bony axis is required, the method of suspension and traction 
employed during the war and illustrated by Blake and Bulkley in Figs. 
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653, 654, 656 will be needed. The Thomas arm splint is at times useful. 
(See also Figs. 682-685 inclusive.) 

If it is desirable to apply traction and countertraction of moderate 
degree and allow the patient to walk about, the use of Jones’ splint, seen 
in Figs. 657, 681, 682, is indicated. Hawley’s splint is a comfortable and 
effective form of apparatus for these cases. 

After-treatment—The patient should be seen each day for the first 
three days in order that the surgeon may be informed as to the exact 
condition of the parts. There may be undue pressure. The patient may 
be uncomfortable. The splints may need readjusting. Attention to little 
details of discomfort is important. The dressing should be reapplied with 
great care once each week. The parts covered by splints should at each 
dressing be carefully inspected to detect any points of undue pressure, 





A 


Fig. 698.—High fracture of the shaft of the humerus. A common and improper use of an internal 
right-angle splint. 


indicated by reddening of the skin. If these are discovered, they should 
be washed with alcohol and covered with flexible collodion or a drying 
powder. The undue pressure should be removed by shifting the padding. 
Union will be found to be firm after about three or four weeks. As soon 
as union is solid—at the end of four or five weeks—the swathe may be 
omitted, the coaptation splints alone being a sufficient support. After 
about five or five and one-half weeks all support may be removed from the 
arm. The arm is then put in the sleeve of the clothes and the wrist sup- 
ported by a sling. After eight weeks the sling may be discarded and 
moderate and careful use of the limb in light movements be permitted. 
(B) Fracture of the Shaft of the Humerus with Considerable Displace- 
ment.—Obviously, the method described for the treatment of fractures 
without great displacement will be of comparatively little value. Occa- 
sionally it will be found that this method will hold even greatly displaced 
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fractures, it should then be used. The ideally perfect method for such 
cases is traction and countertraction upon the arm with the patient lying 
on the back in bed. Coaptation splints should be used, as in simple un- 
complicated fractures. If all methods fail to hold the fragments reduced, 
open incision, reduction of the displacement, and suturing of the fragments 
are indicated. 

The plaster of Paris splint, applied with the plaster roller to the fore- 
arm and arm, and the spica bandage to the shoulder and chest are often 
efficient in these difficult cases. This method must be very carefully 
supervised. It should only be used to hold fragments that are pretty 
accurately apposed. The chief object of this splint is to eliminate the 
effect of gravity in keeping fragments separated when the patient assumes 
the erect position. The fragment being replaced and forced into firm 
apposition, the plaster of Paris splint maintains this apposition and at the 
same time permits ambulatory treatment to be employed. The roentgen 
ray must be used as a record of progress. In the application of this splint 
it is of supreme importance that an assistant hold the arm so that the 
alignment of the bones remains perfect and by suitable pressure toward 
the shoulder the contact of fragments is maintained. The assistant who 
holds the arms should have nothing else to do. Before applying the plaster 
of Paris splint it is often advisable to apply thin coaptation splints at the 
seat of the fracture to give additional strength to the splint. With these 
coaptation splints in use a lighter plaster splint may be applied without 
sacrificing strength. A narrow cotton swathe about the body and arm 
should steady the upper extremity. The wrist should be supported by 
a cravat sling. 

The after-care of a case treated by the plaster splint will be similar to 
that following any other treatment after union has occurred. The plaster 
may be left om situ for four weeks; a renewal of the plaster splint after two 
weeks may be wise; ordinarily after four weeks repair will be found so 
far advanced that the plaster splint may be dispensed with and the or- 
dinary coaptation splints and swathe may be used. If the plaster splint 
has proved comfortable, it may be split and reapplied. 

Massage, Active and Passive Motion—In view of the possibility of non- 
union of this fracture, it will be wise not to begin massage until union has 
begun. Guarded active motion of the shoulder and elbow should be gently 
supervised at as early a date as possible, with due consideration to the con- 
dition of repair in the fracture. If at the end of three weeks union is found 
to have begun, it will be wise to move the shoulder and elbow gently by 
active motion. The seat of fracture should be cautiously guarded against 
movement during these gentle motions. Protected active motion repeated 
occasionally during the process of repair will assist very considerably in 
the restoration of the functional usefulness of the shoulder and elbow, 
which so often become stiff from immobilization. 

Prognosis.—Ordinarily union occurs readily in from four to six weeks. 
In childhood union is quite solid in from three to five weeks. Fractures of 
this bone are more likely to be followed by nonunion than fracture of any 
other bone in the body. For this reason everything possible must be done 
to prevent delay or nonunion. That is, no chance of lack of apposition 
should be taken. If there is doubt about union occurring, operative re- 
position should be employed at an early date. 
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The presence of abnormal mobility after the usual time for bony union 
to occur (four or five weeks), together with an absence of roentgen ray 
signs of callus, is evidence of a delayed union. Considerable muscular 
atrophy follows this fracture (Fig. 699). Upon using the arm again and 
by massage the size of the arm is, in a great measure, restored. The 
stiffness of the shoulder and elbow which is sometimes associated with this 
injury is due to long immobilization without active or passive motion. 





Fig. 699.—Fracture of the shaft of the left humerus. Fracture united. Note atrophy of upper 
arm, including deltoid. The loss of muscular contour is very apparent. 


THE SELECTION OF APPARATUS OR SPLINTS FOR A FRACTURE 


There are certain conditions which must be taken into consideration 
before a suitable choice can be made of the splint or splints which are to 
be employed in a given fracture of bone. These conditions are briefly 
enumerated: 

Abrasion of the skin of the part (leg, thigh, arm). 

Compound wounds. 

Crush of the soft parts other than the skin. 

Fractures of adjacent bones. 

Multiple fractures. 

Fractures entering joints. 

Associated injuries to parts of the body remote from the special 
fracture under consideration. 

It is only necessary to call attention here to the fact that if any one 
or if any combination of these conditions exists then very great judgment 
is needed in the selection of the form of treatment, whether nonoperative 
or operative, and what particular type of splint is to be used. 
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CHAPTER XXIX 


FRACTURES OF THE ELBOW 


Fractures of the lower end of the humerus near to and involving the 
elbow joint are frequent in childhood, but much less frequent in adults. 
A familiarity with the bony landmarks of the elbow is essential to an ac- 
curate diagnosis. A knowledge of the roentgenological appearances of the 
elbow joint bones at all stages of their development is essential to an 
accurate diagnosis. The more nearly accurate the diagnosis, the more 
efficient will be the treatment and the more intelligent the prognosis. 





Fig. 700.—Roentgenogram of elbow in extension: Note the epiphyseal lines: radial head, in- 
ternal epicondyle, lower epiphyses, including the external condyle. (Arial George.) 


Almost every elbow injury, no matter how trivial, should be examined 
under anesthesia. 

Method of Examination.—The normal anatomical relations of the un- 
injured elbow are to be determined first. The large prominent internal 
condyle of the humerus, the olecranon process of the ulna, the external 
condyle, the head of the radius, are each in turn to be grasped by the 
thumb and forefinger. If these bony points can be recognized upon the 
injured elbow, then a fracture ought not to be overlooked. 

The Three Bony Points of the Elbow Region.—With a pencil or ink 
the internal and external condyles of the humerus and the tip of the 
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olecranon should be marked, the forearm being extended. Normally, these 
three points will be found to be in nearly a straight line transverse to the 
long axis of the limb. The tip of the olecranon is a trifle above this line 
(Figs. 701-703). 


External condyle Internal condyle 


Radial head 
Olecranon process 


of the ulna 





Fig. 701.—Note the bony relations of the internal and external condyles of the humerus and 
the olecranon process of the ulna in complete extension of the forearm. The three points are al- 
most in a straight line. 


Olecranon fossa 


External condyle Internal condyle 





Olecranon process 


Fig. 702.—Note the bony relations of the internal and external condyles and olecranon 
process of the ulna when the forearm is flexed to a right angle. The three points make a triangle 
and lie in a plane parallel with the plane of the posterior surface of the humerus. 


Palpation of the Three Bony Points.—Grasping the left wrist with the 
left hand, place the right thumb upon the external condyle, the third 
finger on the internal condyle, and the forefinger on the olecranon. When 
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Fig. 703.—Normal elbow. Relation of the three bony points in almost complete extension of 
forearm. Prominence of olecranon and two condyles evident. 





Fig. 704.—Normal elbow. Examination. Fig. 705.—Normal elbows. Well-marked 
The three bony points. Note position of the carrying angle apparent. 
thumb and two fingers of the examining hand. 
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the elbow is at a right angle, these three points will be found to be 
approximately in the same plane with the back of the upper arm. A 
similar examination may be made of the right elbow, changing hands for 
convenience (Figs. 701, 704). 

The Head of the Radius (Fig. 708).—Grasping the elbow with one 
hand, the thumb resting 4% inch below the external condyle upon the 
head of the radius, and holding the wrist in the other hand, the patient’s 
forearm is pronated and supinated. If the shaft of the radius, including 
the neck, is unbroken or impacted, the head of the radius will be felt to 
move under the thumb. 

The Carrying Angle (Figs. 705, 706, 715). —The lateral angle that the 
supiated forearm makes with the upper arm is called the carrying angle. 





Fig. 706.—Position of supination, showing the carrying angle. The outline shows the position 
of pronation with disappearance of the carrying angle. 


It is important to remember that this angle varies normally within very 
wide limits. Some individuals have no carrying angle. 

The carrying angle is not formed solely by a deviation from the trans- 
verse of the lower articular surface of the humerus. There is also a 
similar deviation in the upper articular surface of the forearm in relation 
to its longitudinal axis. 

Movements at the Elbow Joint—-The movements of the joint should be 
determined both in flexion and extension. There is normally no lateral 
motion in the extended elbow joint. Abnormal lateral motion in either 
adduction or abduction should be detected if present. 

Measurements ——The distance between the two condyles should be 
measured on the uninjured arm. The distance from the acromial process 
to the external condyle of the humerus should also be measured (Fig. 624). 

Having then established a standard of comparison in the normal elbow, 
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Fig. 708—Normal elbow. Method of examination. Palpating head of radius. Spot marks 
external condyle. 
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Fig. 709.—Normal elbow. Method of examination. Grasping the two condyles of the humerus 


the injured elbow should be examined with the greatest care. Even when 
there is great swelling of the elbow region, steady pressure will enable the 
fingers to reach the condyles. In approaching an injury to the elbow the 





Fig. 707.—Fracture of bones at elbow. Appearances twenty-four hours after the accident. Note great swelling of the whole upper 
extremity: blebs: abrasions. (Mixter, Richardson. 
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questions which arise are: Is there a dislocation? Is there a fracture? 
Are both dislocation and fracture present? Is there a contusion and a 
sprain? Is there a subluxation of the radial head? In the absence of 
positive signs of dislocation, subluxation, and fracture the lesion is a sprain 
or contusion. In the absence of positive signs of dislocation and radial 
subluxation a fracture will be present. 

In correcting elbow fractures and replacing the elbow in a position of 
extreme flexion if the forearm is brought up so that its axis coincides with 
that of the humerus the carrying angle will be maintained (Ashhurst) . 

Summary of the Order of Examination of the Injured Elbow.—Notice 
whether the swelling and ecchymosis are general or localized. If localized, 
that may determine the seat of the lesion. Observe the carrying angle. 
Palpate the external and internal condyles (Fig. 609), the olecranon 
process of the ulna (Fig. 688), and the head of the radius (Fig. 708). 





Fig. 710.—Normal elbow. Method of examination. Palpating olecranon. 


Determine if crepitus is present. See if the head of the radius rotates. 
Note the relations of the three bony points, with the forearm flexed at a 
right angle and completely extended (Figs. 701-704). Note any lateral 
motion at the elbow joint (Fig. 711). Determine the possible movements 
of the elbow joint. Make measurements. 

Traumatic lesions of the elbow may be grouped, for simplicity and ease 
of reference, in the following manner. In young children a roentgen-ray 
examination may not demonstrate a fracture line because of the fact that 
calcification of the epiphysis has not occurred. The absence of a positive 
roentgen ray under those conditions will not militate against fracture. 
During the routine examination it is wise to have in mind these possible 
individual lesions: 

Lesions of the Radius and Ulna.—(a) Dislocation of the radius and 
ulna backward with or without fracture of the coronoid process of the 


ulna. 


624 FRACTURES OF THE ELBOW 


(6) Subluxation of the radial head. 
(c) Fracture of the olecranon process of the ulna. 
(d) Fracture of the neck or head of the radius. 








Fig. 711—Normal elbow. Line between the condyles. Method of examining for supracondylar 
fracture. 





__ Fig. 712.—Anterior Fig. '713.—Trochlea, Fig. 714.—Note the attachment 
view of lower end of  capitellum, epitrochlea, of the capsule to the lower end of 
humerus. Note cap- and epicondyle. the anterior surface of the humerus. 


itellum; trochlear sur- 
face; internal condyle. 


(Ashhurst, Monograph, Lea & Febiger, Philadelphia and New York, 1910.) 


Lesions of the Lower End of the Humerus.—(e) Fracture of the inter- 
nal epicondyle. 


(f) Fracture of the internal condyle, including the trochlea and the 
epitrochlea and entering the joint. 
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(g) Fracture of the external condyle, including the capitellum and epi- 
condyle and entering the joint. 








Fig. 717.—Lateral view of the flexed 
humerus. Note relations of radial head to ex- elbow. Note relation of radial head to cap- 
ternal condyle. (Ashhurst.) itellum. (Ashhurst.) 


(h) Transverse fracture of the shaft of the humerus above the con- 
dyles (supracondylar) . 
(2) Separation of the lower epiphysis of the humerus (see Chapter VI). 
(j) T fracture into the elbow joint. 
40 
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Symptoms of Lesions about the Elbow Jot with the Differential Diag- 
nosis of Each Lesion—(a) A Dislocation of the Radius and Ulna Back- 


>. 


Fire 








Fig. 718.—Fracture of Fig. 719.—Diagram to Fig. 720—Diagram to 
external condyle by abduc- show the action of the triceps show the action of the triceps 
tion of forearm. with the elbow in extension. in serving as a splint posteri- 


orly in fracture above the 
condyles when placed in 
acute flexion. 


(Ashhurst, Monograph, Lea & Febiger, Philadelphia and New York, 1910.) 





Fig. 721—A, Note right elbow flexed. Naturally, the forearm lies in line with the upper 
arm; left elbow flexed, forearm falls on chest and inward to upper arm, deviating from sagittal 
plane because of fracture. B, Same patient as A. Note right normal carrying angle and left 
gunstock deformity. This gunstock deformity or cubitus valgus causes the forearm to fall to 
the inner side of the upper arm. (Ashhurst.) 


ward with or without Fracture of the Coronoid Process of the Ulna.— 
There may be very great swelling of the region of the elbow. The rela- 
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tions between the three bony points are disturbed. The olecranon process 
is very prominent posteriorly. The radial head is displaced backward. 
The two condyles are far in front of the olecranon. ‘There is abnormal 
lateral mobility. The normal movements of the joint are restricted. This 








Fig. 722.—Inner view of supracondylar fracture of the humerus. The lower fragment is dis- 
placed backward. The upper fragment is displaced forward. Note line of fracture predisposing 
to this displacement, pull of triceps, ulnar nerve disappearing behind the condyle, brachial artery, 
median nerve, large vein safely protected by soft tissues from bony fragments. (After Davis-Piotti.) 


injury may be mistaken for a supracondylar fracture. The important dif- 
ference has been mentioned. A dislocation of both bones backward, if re- 
duced, does not ordinarily tend again to become displaced; if it does, there 
is most likely a fracture of the coronoid process of the ulna. 





Fig. 723.—Lower end of Fig. 724.—Lower end of Fig. 725.—Lower end of 
humerus, anterior surface. humerus, anterior surface. humerus, anterior surface. 
Note lines of fracture of in- Note lines: of supracondylar Note lines of T fracture. 
ternal epicondyle and of frac- _ fracture and of fracture of in- 
ture of external condyle. ternal condyle. 


(b) Subluxation of the Head of the Radius.—This takes place in chil- 
dren under five years of age. It is due to sudden traction upon the 
extended forearm, which so often occurs in lifting a child by the arm over 
a curbstone. The child presents the arm hanging slightly away from the 
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side, with the elbow a little flexed and the hand semipronated. Attempts 
to use the arm cause pain. The extremes of flexion and extension and 
supination are painful. Inspection will detect a slight swelling 4% to 1 inch 
below the external condyle of the humerus. Tenderness is present over the 
head of the radius. The relation of the three bony prominences is pre- 
served. The details of this not uncommon lesion are mentioned because 
it is sometimes mistaken for a fracture of the radial head or a simple 
sprain of the elbow. A fracture of the radius below the neck has also been 
mistaken for this subluxation of the head. Careful detailed examination 
with roentgenograms will alone clear up any doubts. 








Fig. 726.—Fracture of the internal condyle. Recovery with gunstock deformity, due to slip- 
ping upward of fragment and adduction of forearm. Compare with Fig. 721. 


(c) Fracture of the Olecranon Process——The details of this fracture are 
considered elsewhere. Crepitus and mobility of the olecranon fragment 
will be felt. There may or may not be separation of the fragments. If 
there is a separation, it will be detected and the three bony points will 
have their normal relations disturbed. 

(d) Fracture of the Neck or Head of the Radius—This is not un- 
common. Swelling over the radial head and neck is present. Supination 
and pronation are painful and limited and attended by crepitus, muscular 
spasm, and possibly a loss of rotation of the radial head. 

(e) Fracture of the Internal Epicondyle——The epiphysis of this epi- 
condyle unites to the shaft of the humerus between the eighteenth and 
twentieth years. This fracture is quite common among little children. 
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If this fracture presents a small fragment, it is of little consequence. If a 
large fragment is broken off, it is of consequence. The displacement is 
downward and forward. The ulnar nerve is sometimes, though rarely, 
implicated in this injury. 

(f) Fracture of the Internal Condyle—This fracture is, fortunately, not 
very common. The line of fracture usually enters the joint of the ulnar 
trochlea. It is a disabling fracture. If there is displacement the humeral 
fragment of the condyle will be displaced upward (Fig. 729). The ulna 
is the main bone of the forearm, being the anatomical continuation of the 
humerus, while the radius belongs to the hand (Ashhurst). Interference 
with the humero-ulnar joint may interfere seriously with the movements 
of the elbow. Swelling over this condyle is marked. By grasping the con- 
dyle abnormal mobility and crepitus are detected between the fragment 
and the shaft. The inner of the three bony points is displaced upward. 
Lateral mobility of the elbow is present; adduction is especially free. The 





Fig. 727.—Fracture of internal condyle of left humerus. Recovery with deformity (Fig. 726). 
(x-Ray tracing.) 


carrying angle will be diminished if there is displacement of the condyle 
upward (Figs. 726, 727). 

In the position of hyperflexion the internal condyle cannot move up- 
ward nor can it be displaced backward because it is held by the tense 
triceps (Fig. 720). 

It is important that the arm and forearm are made to maintain their 
normal relations to each other in the sagittal plane while the humerus is 
rotated neither externally nor internally. Thus only will a deformity of 
cubitus varus be avoided. 

(g) Fracture of the External Condyle (Fig. 731) —Swelling over this 
condyle is marked. The line of fracture enters the joint. The separated 
fragment is the entire capitellum and sometimes the outer lip of the 
trochlea. Crepitus and abnormal mobility are present. The normal rela- 
tions of the three bony points are disturbed. The external condyle is dis- 
placed downward and forward due to gravity, so that the normal carrying 
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angle support vanishes with the fracture. The fractured external condyle 
is forced backward and upward by the hyperflexion position. The relation 





Humerus 





Fig. 728.—Fracture of the internal condyle; displacement upward of fragment; union in 
displaced position; consequent permanent adduction of forearm. Compare with Fig. 726 
(After Helferich.) 








Ez £. id << 4 EES SRS S £ AGS anes 
Fig. 729.—Fracture of lower end of hu- Fig. 730.—Lateral view of Fig. 729. Note 
merus through internal condyle. (Dodd.) displacement anteriorly of fragment in the some- 
what extended position. (Dodd.) 


of the external condyle and the head of the radius is undisturbed. Lateral 
motion at the elbow is present. Cubitus varus or valgus can be produced 
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at will. The transverse measurement of the elbow is greatest on the in- 
jured side. Supination will be somewhat limited. 






Humerus 





. Radius 


Fig. 731.—Fracture of the external condyle; union with fragment displaced upward, resulting in 
permanent abduction of forearm. (After Helferich.) 


(h) Transverse Fracture of the Shaft of the Humerus Above the Con- 
dyles—Supracondylar Fracture (Fig. 733) —The line of this fracture is 
higher up on the shaft than the line of the epiphysis passing from epi- 
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Fig. 733.—Transverse fracture above the condyles of the 
left humerus; characteristic deformity. The anterior de- 
formity is higher than in dislocation of the elbow. 


Fig. 732.—Fracture of external 
condyle of humerus. Child five 
years of age. Nucleus for cap- 
itellum seen below fragment. 


trochlea to epicondyle. The fracture may cross the olecranon fossa. I do 
not believe it is necessary to separate diacondylar and supracondylar frac- 
A fulness will be noticed in front of the elbow joint, 
This frac- 


tures in discussion. t 
and posteriorly the point of the elbow will appear prominent. 
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ture may be compound. The small lower fragment is displaced backward 
with the bones of the forearm; the upper fragment or shaft of the humerus 
is displaced forward, causing the fulness in the bend of the elbow (Figs. 





Fig. 734.—The deformity seen after a supracondyloid fracture of the humerus. Note that the 
normal bony relations of the olecranon are undisturbed. (After Pedro Chutro, Buenos Aires.) 


733-735). The three bony points maintain their normal relations. This 
distinguishes the fracture from a dislocation of both bones backward (Fig. 





Fig. 735.—Supracondylar fracture of hu- 
merus. Elbow flexed to a right angle. Dia- 
gram to show displacement of bones. 


Fig. 736.—Dislocation of both bones of 
the forearm backward. Elbow flexed to right 
angle. Diagram showing relative position of 
bones. Compare with Fig. 735. 


736). Crepitus will be detected upon grasping the arm firmly above and 
below the elbow joint (Fig. 704). Recurrence of the displacement often 
follows its correction unless the fracture is properly immobilized. Reduc- 
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Fig. 741. 


Figs. 737-741.—Separation of the lower humeral epiphysis. Illustrating varying degrees of dis- 
placement: H, Humerus; R, radius; U, ulna. 
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tion of this fracture may be most difficult. Abnormal lateral and antero- 
posterior mobility above the elbow joint is found. 

The Posadas-Chutro fracture is properly classed here. A transverse 
diacondylar fracture by flexion (the lower fragment being displaced for- 
ward into the bend of the elbow) complicated by a posterior luxation of 
the radius and ulna which if not replaced may come in time to form a 
false joint with the lower end of the upper fragment. A case is recorded 
by Ashhurst. 

(2) Separation of the Lower Epiphysis of the Humerus——The lower 
epiphysis of the humerus unites to the shaft about the seventeenth year. 
It includes only the very lowest end of the humerus. The lower epiphysis 
of the humerus is made up of the external epicondyle, the capitellum, and 





L 


Fig. 742.—Separation of lower humeral epiphysis. Fig. 743.—Same as Fig. 742. An at- 
tempt to approximate the fragments has 
been made under an anesthetic. Note the 
lower end of the upper fragment in the bend 
of the elbow ready to impede motion. 


the trochlea. These separate centers of ossification unite about the thir- 
teenth year, and at about the seventeenth year they join the shaft of the 
bone. The epiphysis of the internal epicondyle is entirely separate from 
the large, general, lower humeral epiphysis. It is, therefore, possible to 
have a complete separation only after the thirteenth year. The detached 
epiphysis is usually if not always intra-articular. The joint cavity extends 
to above the coronoid and radial fossae, while the epiphyseal line lies below 
this (Fig. 714). 

This is a not uncommon accident. It occurs usually in children under 
ten years old. There is no change in the relations of the three bony points. 
It somewhat resembles transverse fracture above the condyles. The diag- 
nosis is made upon the following points: The age of the individual; the 
history of the accident; the existence of abnormal mobility at a very low 
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level on the humeral shaft; anteroposterior mobility very marked, lateral 
mobility being less marked; muffled crepitus (this term is very suggestive, 
and is used by Poland); a soft crepitus, comparable to the crush of a wet 
snowball (Eliason). The breadth of the lower end of the humeral frag- 
ment is broader than in the case of a fracture (Figs. 737-743, inclusive) . 
The separation may be compound. In old injuries of this kind there is 
usually discovered a very considerable thickening of the lower end of the 
humeral shaft. This is due to the deposit of new bone throughout the area 
of denuded periosteum. 

(7) T Fracture into the Elbow Joint—The traumatism which causes 
this injury may be extremely slight. If the two condyles are grasped, crep- 
itus and abnormal mobility will be detected. The relations of the three 
bony points will be disturbed, according as one or both condyles are dis- 
placed. The transverse measurement of the condyles will be found to be 
increased. There will be abnormal lateral mobility, both in adduction and 
abduction. 

A systematic anatomical examination of injuries to the elbow under an 
anesthetic will overcome much of the indefiniteness that surrounds these 
injuries. A crushed elbow, feeling to the examining hand like a bag of bones, 
cannot always be accurately diagnosed, some of the details of the lesions 
naturally remaining undetermined. The roentgen ray in these doubtful 
cases will be of material assistance. The importance, however, of making 
such a careful eliminative examination as is described, both from the point 
of view of treatment and prognosis, cannot be overestimated. 

Treatment of Fractures About the Lower End of the Humerus.—These 
fractures should be regarded as special emergencies. The earlier reduction 
can be effected the easier it is. The most rapid method of removing the 
swelling is to restore the normal anatomical relations. The prevention of 
elbow swelling lies in early reduction of the fracture. Efforts at reduction 
of fractures about the elbow should be made with the assistance of a gen- 
eral anesthetic and the employment of a fluoroscope. 

In fractures essentially transverse to the long shaft of the humerus— 
?. e., supracondylar fractures, separation of the lower humeral epiphysis, 
transcondylar fractures—the lower fragment should be regarded as an in- 
tegral part of the forearm. Traction alone will fail of reduction. With the 
elbow firmly grasped the existing deformity is exaggerated, the fragments 
are unlocked, and while making strong traction the edges are made to slide 
by each other; the lower fragment is then made to slide forward, the elbow 
being flexed. The same method of angulation is used in correcting lateral 
displacement. 

It must always be remembered that the lower articular surfaces of the 
humerus are not in a straight line with the longitudinal axis of the humeral 
shaft (Figs. 706, 715). The articular portion normally swings far forward 
at an angle of about 130 degrees (Fig. 716). The articular surfaces point 
forward and downward and not merely downward, as supposed ordinarily. 
Consequently, the acutely forced flexed position tends to reestablish the 
normal relations of the lower end of the humerus and the shaft. The ob- 
ject of treatment is to restore the elbow joint to its normal condition. 

If the fracture when first seen is attended by very great swelling it 
may be necessary to temporarily support the arm until the swelling reaches 
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its maximum and begins to subside. The right-angle internal or anterior 
angular splint loosely applied is the most satisfactory for this purpose (Figs. 
757-760). The maximum swelling will have taken place after forty-eight 
to seventy-two hours. This temporary dressing will rarely be needed. Tn 
general, it may be stated that the arm should be placed in that position in 
which it is found, upon experiment with the fracture under consideration, 
that the fragments are best held reduced. 

Fractures of the internal epicondyle, of the internal condyle, of the 
external condyle, and T fractures into the joint are best treated, as a rule, 
in the acutely flexed position. 

The flexed position of the elbow is an active force for the maintenance 
of reduction. “Hyperflexion is perhaps a better term than the acutely flexed 
position. Hyperflexion does not mean merely acute flexion; it is the most 
acute flexion in which the elbow can be placed without obliterating the 
radial pulse. The angle of flexion is from 20 to 35 degrees. The time for 
hyperflexion to secure the best results is not when the elbow is swollen or 
the swelling is disappearing, but as soon after the fracture as the patient 
is seen—before any swelling. 

Experimental evidence, both upon the cadaver and on the anesthetized 
living subject, confirmed by clinical experience extending over a number of 
years in the hospital and private practice of many different surgeons, dem- 
onstrates that the acutely flexed position (Smith and Jones) actively re- 
duces and holds reduced the fractures previously mentioned. In the 
acutely flexed position the coronoid process in front, the trochlear surface 
of the olecranon behind, and the fascia posteriorly and laterally, together 
with the tendon of the triceps posteriorly, hold the fragments reduced and 
close to the shaft of the humerus. 

Method of Using the Hyperflexed. Position—A general anesthetic is 
always necessary. The condyles of the humerus are grasped by the thumb 
and finger of one hand, a finger of the other hand is placed in the bend 
of the elbow, traction is made upon the forearm, and it is slowly flexed to 
an acute angle. While the forearm is being flexed, traction and lateral 
pressure are brought to bear upon the loose fragments of the humerus to 
correct existing malpositions. These manipulations will materially assist 
in the reduction (Fig. 744). The reduction should be checked up and 
facilitated by the use of the fluoroscope in every instance. The antero- 
posterior deformity is first reduced, the forearm is flexed, and the fluoro- 
scope used with the arm and forearm abducted and in the plane of the 
supine patient’s body. If this view is good the limb is brought to the 
patient’s side with the hand on the shoulder of the injured side and a look 
taken. Should there be lateral displacement the forearm is extended to 
about a right angle and the lateral deformity corrected (Eliason) . 

In fractures of the internal condyle it is desirable to have the elbow 
hyperflexed, but the forearm should be pronated (Cohn), relaxing the 
pronator radii teres. In fractures of the external condyle the position of 
the greatest stability is one of hyperflexion and supination. Fractures re- 
quiring the acutely flexed position that cannot be well reduced by traction 
manipulation and this acutely flexed position should in most instances be 
reduced by operation. 

The degree of flexion will be determined by the obstruction offered by 
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Fig. 744.—Supracondylar fracture of the humerus. Method of reduction before applying 
retentive splint. Countertraction on upper arm. Traction on condyles of humerus with right 
hand; backward pressure with thumb of left hand. Also illustrative of method of beginning acute 


flexion. 





Fig. 745.—Position of flexion. Note broad Fig. 746—Left elbow in position of 
adhesive strap, protected posteriorly, to prevent _ forced flexion. Gauze in bend of elbow. Thin 


cutting. The cravat sling to be applied over axillary pad. Pad under hand and wrist. 
this. Gauze protection under forearm, held by 


safety-pin from slipping. Adhesive plaster 
maintaining flexion. Skin protected on upper 
arm by gauze compress from cutting of adhesive 
plaster. 
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Fig. 748.—Strap from elbow 
Fig. 747.—Applying figure-of-8 cravat to flexed elbow. to cravat to prevent abduction of 
(After Lund.) flexed elbow. 





Fig. 750.—Adhesive- 
plaster strip showing bits of 


gauze arranged so as to 
Fig. 749.—Fastening figure-of-8 cravat over folded com- protect skin from plaster 


press on opposite side of chest. Elbow region open to in- without impairing efficiency 
spection. * of the plaster. 
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the local swelling and the effect upon the radial pulse of the flexion. If 
the swelling is great, or is likely to increase very much, then the degree of 
flexion must be less than when there is no swelling. In the bend of the 
elbow, to prevent chafing, is placed a piece of gauze upon which has been 
dusted a dry powder. 

This acutely flexed position is maintained by an adhesive plaster strap, 
3 inches wide, passing about the arm and forearm (Fig. 745). This strap 
should be placed upon the upper arm as high as the axillary fold, and upon 
the forearm just above the styloid of the ulna. <A piece of linen or com- 
press cloth (cotton cloth) is placed under the forearm and hand where they 
would come in contact with the skin of the chest. This should be pinned 
so as not to slip from position. The arm thus flexed is supported by a 





Fig. 751.—Dressing to maintain elbow in hyperflexion, first stage. No adhesive plaster is used in 
this dressing. (Ashhurst.) 


swathe sling (Fig. 746) made of cotton cloth, 15 inches wide, folded three 
times, and long enough to extend twice around the body. This is applied 
as illustrated (Figs. 747-749). The elbow is held to the side by pinning 
a strip of compress to the swathe at the elbow and posteriorly (Fig. 748). 
Ashhurst’s method of maintaining flexion and supporting the upper ex- 
tremity is effective and comfortable (Figs. 751-753) . 

Precautions in Using the Acutely Flexed Position—The arm is in- 
spected each day for the first week. It is necessary to note whether, with 
the onset of swelling, the flexion of the arm should be diminished, and 
whether with diminution in swelling the flexion may be increased with 
safety. The radial pulse should be present as the flexion is increased, so 
as to avoid compression of the vessels at the bend of the elbow. There 
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Fig. 752.—Dressing to maintain elbow in hy- 


Fig. 753.—Dressing to maintain elbow in hy- 
perflexion, second stage. (Ashhurst.) 


perflexion, completed. (Ashhurst.) 




















A 


Fig. 754.—Fracture of the shaft of the humerus. Plaster dressing in the lateral hyperflexed 


position (Fig. 755, Position A). The figure on the right shows an ordinary method of immobiliza- 


tion against the chest wall (Fig. 755, Position B). (Eliason, Jour. Amer. Med. Assoc., June 14, 
1924.) 


should be no pain associated with this acutely flexed position. A certain 
amount of discomfort may be complained of. Real pain will be indicative 
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of too great pressure and, if it is present, the forearm should be less acutely 
flexed. Chafing should be looked for at the bend of the elbow, under the 
forearm and hand, and on the chest, where, if necessary, fresh powder and 
compress cloth should be placed. The edge of the adhesive plaster may 
cause chafing of the skin upon the posterior surface of the forearm and 
upper arm. It may be necessary to place beneath the plaster small care- 
fully folded compresses of cotton cloth to protect the skin. 

Later, in changing the adhesive plaster, the skin may be washed with 
alcohol and then with soap and water, to the great comfort of the patient. 
The alcohol removes all adhesive plaster sticking to the skin. If the ad- 
hesive plaster chafes the skin, as it so often does in children, it will be 
necessary to place a bit of gauze under the adhesive plaster strips, leaving 
enough of the sticky side of the plaster uncovered to catch the skin and 
thus keep it from slipping entirely loose. The carrying angle of the arm 
will be preserved if the fragments are approximately reduced; it cannot be 
maintained otherwise. The acutely flexed position reduces the fragments 


E 
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Fig. 755.—A diagram of a cross section through the trunk and the arms at the level of the 
condyles of the humeri (Position A). The normal one is retained in the lateral hyperflexed po- 
sition. Position B is the one assumed when the forearms rest in the chest. E and I mark re- 
spectively the external and internal condyles of the humerus. (Eliason, Jour. Amer. Med. Assoc., 
June 14, 1924.) 


in the fractures under consideration; therefore it will preserve the carrying 
angle. 

Eliason has directed attention to the fact that the intercondylar planes 
of the humeri pass posteriorly, meeting behind the spine. The arms hang 
naturally at the sides so that the external condyles are anterior to the in- 
ternal condyles (Fig. 755). In supracondylar fractures, to avoid rotation 
of the lower distal fragment inward on the humeral shaft, Eliason believes 
that, in employing the acutely flexed position, the hand should be carried 
to the shoulder of the injured side. The humerus is allowed to maintain 
its natural lateral position (Figs. 754, 755). Thus will be avoided disturb- 
ing rotation deformities. This is a valuable suggestion of Eliason. 

Transverse Fracture of the Shaft Above the Condyles—There is usually 
an overlapping of the fragments. This is evident in the backward dis- 
placement of the lower fragment and forearm and in the forward displace- 
ment of the upper fragment (Fig. 765). 

It will be necessary in order to effect reduction of this fracture to make, 
with the aid of an assistant, hyperextension of the elbow, countertraction 
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and pressure backward upon the upper fragment, while traction and a for- 
ward pull are made upon the lower fragment by grasping the arm above 
the condyles (Fig. 744). The periosteal separation from the shaft of the 
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Fig. 756.—A simple dislocation of the forearm backward. Rather rare in children. Note 
the various centers of ossification. This was replaced without an incision. It is important in 
this injury to be positive that the epiphyseal centers are in their proper places after reposition. 


humerus is the hinge on which the distal small fragment hangs (Thomas). 
The internal right-angle anterior splint at first, while there is considerable 
swelling of the elbow region, best holds this fracture, for it exerts contin- 





_ Fig. 757.—Fracture of the elbow. Application of the internal right-angle splint or anterior 
splint. First strap already applied. Manner of holding splint and arm as the forearm is flexed 
up to the splint (Fig. 758). 


uous pressure backward upon the upper fragment and prevents displace- 
ment (Figs. 757, 758). This internal right-angle splint has a distinct use 
in injuries to the elbow. Satisfactory use of this splint is no more difficult 
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than is the employment of any splint. It is a valuable part of the sur- 
geon’s armamentarium. The splint is padded with sheet wadding and 
applied as illustrated. Two straps are needed upon the forearm to hold 
this splint in good position (Figs. 759, 760). The strap at the wrist should 
be so applied that there is no pressure upon the styloid process of the 





Fig. 758.—Fracture of the elbow. Application of the internal angular or anterior splint. Placing 
second strap. The angle of the splint is crowded into the bend of the elbow. 











Fig. 759.—Two straps insufficient to hold = Fig. 7 60.—Third strap is necessary to hold the 
elbow in internal right-angle or anterior splint. splint close to the flexed elbow. 
Splint has slipped away from the bend of the 
elbow. 


ulna. Long-continued pressure upon this bony process would cause a pres- 
sure sore. In applying the adhesive plaster It is wise to apply it so loosely 
that there is no undue pressure upon the arm, which might retard the 
circulation. The arm is then covered with a roller bandage of sheet wad- 
ding over which is placed a roller bandage of cheesecloth. This should be 
applied smoothly and firmly from the hand to the upper end of the splint. 
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As the swelling about the elbow. begins to subside, pads of cotton cloth 
(compress cloth) may be placed at each side of the olecranon below each 
condyle. The pressure of a frequently renewed bandage on these pads 
will hasten the disappearance of the swelling. It is important to avoid 
the forward and backward deformity in treating this fracture. Sometimes 
it may be possible, without causing too great tension at the elbow from 
the swelling, to place the elbow in a position of acute flexion instead of at 
a right angle. Thus would be assured in certain types of this fracture a 
more positive hold on the lower fragment. Even if the acute flexion is im- 
possible at first, later it may more safely be employed. 

Dislocation of Both Bones of the Forearm Backward.—lIf there is no 
tendency to displacement after reduction is accomplished, the right-angle 
position with internal splint is the best treatment. If, on the other hand, 
there is a tendency to displacement, the acutely flexed position will be the 
best for the arm because in case the coronoid process is broken it will 
insure its close approximation to the ulna. 





Fig. 761.—Fracture through condyles of the humerus. Anterior displacement could not be com- 
pletely corrected. Open incision and replacement by direct leverage indicated. (Dodd.) 


Separation of the lower epiphysis of the humerus will be best treated in 
the right-angle or hyperflexed position, the same as for a fracture of the 
humerus above the condyles. 

Fracture of the neck of the radius is best treated by the internal or an- 
terior right-angle splint (Figs. 757, 758). At times the position of acute 
flexion with the forearm supinated is desirable. 

Fracture of the olecranon is discussed elsewhere. 

The After-care of Injuries to the Elbow.—The reapplying of splints 
and of apparatus should be done often enough to be sure that they are 
efficient, and that there is no undue swelling of the arm and hand or too 
great pressure upon the arm. A perfect result is likely following careful 
treatment of fractures of the elbow in childhood. By a perfect result is 
meant a full and normal range of motion without limitation and without 
deformity, that is, no varus or valgus deformity. 

Such early mobilization of the elbow is desirable as will not interfere 
with the maintenance of reduction. Neuhof and Wolf have demonstrated 
the wisdom of this early motion. Those opposed to early active motion 
feared displacement of fragments and excessive callus. Early mobilization 
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and massage must be painless. The fourth day it may be begun. The 
treatments consist in the beginning in gentle stroking, massage of the arm, 
and active movements at the elbow in slight extension and flexion. All 

















Fig. 762.—Separation and backward displacement of lower epiphysis of humerus. Note stripping 
of periosteum off posterior surface of shaft. Right-angled splint. 
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Fig. 763. Fig. 764. 

Fig. 763.—Fracture of the lower end of the humerus with displacement backward of lower 
fragment carrying forearm with it. 

Fig. 764.—Fracture of the lower end of the humerus close to epiphyseal line. The contour 
of the lower end of humeral fragment indicates that bone is broken above epiphysis. Note 
stripping of periosteum from posterior surface of humerus. Absolutely impossible to reduce this 
fracture without an incision and the removal of new bone between periosteum and shaft of hu- 
merus. 


sudden movements are avoided. The elbow is always to be supported dur- 
ing treatment and is fixed in hyperflexion after each treatment. Massage 
and mobilization are applied daily for a few moments. 
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The length of time the elbow is kept in the hyperflexed position de- 
pends upon several things: the union of the fracture, the type of fracture, 
the painlessness of the movements possible. The dressing is rarely needed 
for more than three weeks. 

Never should a recent fracture of the elbow be treated by a general 
anesthetic and forced passive movements. Never should painful active or 
passive movement be made in a recent fracture of the elbow. 

If a child is given a proper-sized wheelbarrow to play with while con- 
valescing from an “elbow fracture” the result will be improved. The child 
finds after a few days that progress is made without pain by hauling loads 
in the wheelbarrow rather than by the movements intermittently made by 
the doctor or the masseur (Ochsner). 

Massage to the hand, wrist, forearm, elbow, and upper arm before the 
primary swelling has begun to subside is of great value. It should be given 
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Fig. 765. gee of the lower humeral depen with fracture of the shaft. Displace- 
ment of the forearm backward and of humeral shaft forward. It is often impossible to reduce this 
fracture without incision. Note the posterior periosteal separation in the shaft of the humerus. 


at first without disturbing the apparatus and the retentive adhesive plaster. 
Given every day or every other day it will accomplish considerable in 
maintaining the integrity of the muscles of the part. The employment of 
a professional masseur is not necessary, but is desirable. The physician 
should give the massage or instruct a competent person how to give it. 
Omission of Splint or Retentive Apparatus.—This should be tentative 
and gradual after union is known to be firm—in the third week. At this 
stage the carrying of dumb-bells, pails, or baskets filled with sand, and the 
doing of certain gymnastic movements with the injured arm will be of 
material aid. All violent exercise of the part is to be avoided. That 
amount of exercise may be allowed that leaves the arm moderately tired. 
A fatigue that is not recovered from within a half hour’s rest is excessive. 
Up to the time of the introduction of the acutely flexed position in the 
treatment of fractures at the elbow the movement most easily lost and with 
greatest difficulty regained was that of flexion. By the use of the acutely 
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flexed position in suitable cases the prognosis has improved remarkably in 
this respect. Now all of flexion is ordinarily preserved, and the more easily 





Fig. 766.—Supracondylar fracture of the humerus. Note the inability to extend the fingers 
or completely flex which might follow too prolonged immobilization and absence of early massage 
and passive motion. Injury to the median nerve. (After Pedro Chutro, Buenos Aires.) 





Fig. 767.—Injury to the elbow joint: Appearances following fracture of the external condyle of 
the humerus. (After Pedro Chutro, Buenos Aires.) 


acquired extension is obtained as usual, so that the prognosis as to motion 
in these cases is good. Although anatomically perfect results are not al- 
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ways obtained, most fractures of this region recover with a useful arm. 
These fractures of the elbow region should be kept under observation for 
at least four months. It is wise to treat such cases until all that can be 
achieved toward a restoration of function has been accomplished. Be- 
tween 80 and 85 per cent of perfect results may be expected following the 
acutely flexed position in fractures of the elbow joint in children. 

The acutely flexed or hyperflexed position by its anatomical mechanism 
maintains the fragments in place after reduction has been secured, and the 
early active mobilization and massage serve to secure motion at the joint 
involved in a large proportion of the cases thus treated. 





Fig. 768.—Supracondylar fracture of the hu- Fig. 769.—Injury to the elbow joint: 
meral shaft. Note the deformity at and above Appearance following T fracture of the 
the elbow. (After Pedro Chutro, Buenos Aires.) lower end of the humerus. Displacement 


of ulna inward. (After Pedro Chutro, 
Buenos Aires.) 


Ashhurst has consistently employed this treatment, as have Neuhof and 
Wolf, with the record of a considerable number of cases. Others are using 
this method with equally satisfactory results. 

At the time of the first examination of the elbow the nature of the in- 
jury and its seriousness should be explained carefully to the patient or his 
friends. A guarded outlook should be expressed, particularly with refer- 
ence to the function of the joint. Some limitation of motion may exist 
after all that is possible has been done. How much limitation of motion 
will exist it is impossible to state. There may be no limitation whatever. 
The patient and his friends should be encouraged with the statement that 
just as great usefulness of the elbow joint will be obtained as is consistent 
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with the character of the injury. The importance of an injury to the elbow 
jomt demands of every physician a painstaking anatomical examination 
with the aid of an anesthetic, careful attention to minute details in the 
initial treatment, and intelligent solicitude in the after-care. 

Caution: Active massage, passive motion, movement under an anes- 
thetic all tend to cause ultimately swelling of the elbow, exuberant callus, 
pam, and a loss in the final degrees of motion at the joint. 

For Fractures of the Elbow Joint in Adults see page 651. 


REMARKS ON ELBOW INJURIES. LIMITATION OF MOTION AT THE ELBOW 


Following trauma there may be a change in the axis of one or more of 
the articular surfaces of the elbow joint, or there may result a free loose 
fragment so displaced as to act like a wedge between articular surfaces. In 
children a fracture of the external condyle resulting in a displacement of 
the capitellum will produce a limitation of movement unless a perfect res- 
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Fig. 770.—Supracondylar fracture of the humerus in a child six and a half years old. 2-Ray 
taken June 21, 1921. (W. Rowley Bristow, British Journal of Surgery, vol. x, p. 475.) 


titution is made. The normal relations of the capitellum and the midplane 
of the humeral shaft to the sigmoid cavity and to the lower end of the 
shaft of the humerus have been stated. Failure to reduce the displaced 
capitellum means a change in carrying angle and limitation of motion. It 
may be wise to remove this epiphysis if motion of the joint is at stake. 
Keep in mind the axial plane of the shaft and the epiphysis (Cohn). 
Fractures of the coronoid process, of the internal condyle, and of the 
head of the radius may be associated with a free fragment, which, if it 
cannot be replaced and maintained in position, should be removed. 
Fractures of the upper third of the shaft of the ulna should be carefully 
reduced. If left unreduced the shaft of the ulna will swing so as to produce 
a smaller carrying angle. If this occurs together with a slight flexion of 
the upper fragment of the ulnar shaft the relations of the olecranon sig- 
moid cavity and the lower end of the humerus will be so altered as to 
cause a limitation of flexion at the elbow (Cohn). This limitation of flex- 
ion and loss or diminution of the normal carrying angle will be a distinct 
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handicap. Open operation may be needed to hold reduced this upper end 
of the ulnar fracture. — 

Only absolutely necessary time should be permitted to elapse before 
reduction of an elbow fracture is attempted. Every hour of delay is 
handicapping the patient’s ultimate functional recovery. 






Fig. 771.—Same case as Fig. 770. x-Ray taken July 17, 1921. Three weeks after the acci- 
dent. Note the shadow anterior to the humeral shaft and in brachialis anticus muscle. (W. 
Rowley Bristow, British Journal of Surgery, vol. x, p. 475.) 


Fig. 772.—«-Ray of same case as Fig. 771 taken August 30, 1921. After absolute rest in the 


flexed position the shadow of new bone is smaller, more opaque, and better defined than in Fig. 
771. (W. Rowley Bristow, British Journal of Surgery, vol. x, p. 475.) 


Following elbow fractures there may be a cubitus valgus or a cubitus 
varus deformity. The cubitus valgus deformity is less disabling than is a 
cubitus varus deformity (MacAusland) . 

Absolutely perfect anatomical reposition should be sought in fractures 
entering or indirectly involving the elbow joint. A child has nothing to 
lose in time and everything to gain in a perfect joint. 
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Study the normal elbow joint. Study the epiphyseal development. 
Study the chief disabilities following injury to the elbow, both the im- 
mediate and the remote. 





Fig. 773.—a-Ray (same case as Figs. 770-772) taken November 16, 1921. Voluntary flexion 
and extension was permitted, but guardedly, five months after the accident. Note great decrease 
in new bone formation. Motion was free, controlled, and painless from full flexion to a right 
angle. (W. Rowley Bristow, British Journal of Surgery, vol. x, p. 475.) 


Study the various compensatory possibilities in injuries to this region 
in order to care intelligently for unfortunate cases, who, failing to receive 
adequate early and immediate treatment, seek relief from handicapping 
terminal conditions. 





Fig. 774.—Same case as Fig. 773. Final a-ray taken April 2, 1922. Ten months after the 
accident the arm was practically normal. Motion at the elbow was full and controlled. The «-ray 
shows further decrease in the new bone shadow. 


Functional usefulness 7s important. Anatomical position may be of as 
great importance in this part of the body. 

Fractures of the Lower End of Humerus Entering the Elbow Joint in 
Adults.—The principles underlying the treatment of these fractures in 


652 FRACTURES OF THE ELBOW 


childhood and adolescence are the principles involved in the care of similar 
fractures in adults. For various reasons, notably the greater trauma, the 
more extensive separation of fragments, the tendency for adult joint lesions 
to ankylosis from damaged soft tissue infiltrations, excessive callus forma- 
tion and less easily controllable conditions following the injury, and the 
generally recognized fact that fractures into the elbow joints of adults have 
given in the past relatively poor functional results, I believe that the treat- 
ment of an adult elbow joint fracture should be very carefully thought out 
from the day of the injury. 

Gilcreest and others have treated badly separated T or condylar frac- 
tures with almost perfect functional results by applying skilled traction, by 
making approximate reposition, and by early guided active motion. This 
nonoperative method is therefore established as possible of securing good 
function. The difficulty is not always with the applicability of the method 
as with the ignorance of the surgeon in the use of the method. 

In certain uncomplicated recent fractures of the condyle or condyles of 
the humerus I believe, if operation can be done early after the injury, the 
fragments should be reduced and held absolutely fixed by operation and 
some form of internal fixation followed by early guided active movement. 
Partial excision of the elbow has been followed (Hitzrot) by satisfactory 
results in a few cases in which it has been used. Children get good results, 
but adults past middle life are apt to have some limitation of motion fol- 
lowing a fracture which enters the elbow joint. 


CHAPTER XXX 


VOLKMANN’S CONTRACTURE 


STEPHEN GrorGE Jones, M.D. 


VOLKMANN’S contracture is a complication of fracture of the elbow, 
usually supracondylar fracture of the humerus in children. It occurs far 
more often than is generally supposed. It is commonly referred to as 
Volkmann-Lesser paralysis, Volkmann’s ischemic paralysis, and Volkmann’s 
ischemic contracture. The latter term is preferable as it correctly de- 
scribes the condition. It may be prevented. 

Volkmann’s ischemic contracture is a flexion deformity of the forearm, 
wrist, and hand, with or without paralysis, which produces the useless 
clawhand. The position of the fingers is characteristic—viz., the wrist is 
flexed, the metacarpophalangeal joints are hyperextended, and the inter- 
phalangeal joints are flexed. Upon acute flexion of the wrist, the fingers 
can be extended. The hand is pronated and the elbow semiflexed. Due 
to involvement of the pronator radii teres, supination of the forearm is 
impossible. The flexor group of muscles of the forearm is much wasted. 
The extensor muscles may remain intact. Joints and joint capsules may 
become involved. In long-standing cases, there is atrophy of bone as in 
infantile paralysis. 

Attempts to straighten the wrist and fingers at the same time cause 
bands, which represent the normal flexor muscles, to appear in the fore- 
arm. These bands are due to a fibrosis of the flexor muscles which become 
cordlike and shortened following impairment of the circulation. Although 
an ischemic contracture simulating Volkmann’s occurs in the leg, it is rare. 

Volkmann’s contracture was first mentioned by the man after whom it 
was named, Richard von Volkmann. In 1869, he described a contracture 
of the hand which he believed was due to tight bandaging. The tightly 
bandaged splint, interfering with the arterial circulation and thereby rob- 
bing the muscles of oxygen, caused their death. 

In 1881, he wrote a classical article dealing with contracture of the 
hand. He felt that this difficulty was due to the shutting off of the ar- 
terial blood supply, plus the obstruction of the venous outflow. He thought 
the hard boardlike condition which followed was similar in nature to rigor 
mortis. Because the contracture and paralysis occurred immediately fol- 
lowing the injury, he did not believe it was due primarily to a nerve injury, 
for in nerve injuries the contracture occurred at a later date. He de- 
scribed the means and methods of overcoming the contracture by forcible 
extension of the fingers. Since that time, there have been many papers 
on the subject. 

Thomas,! in a paper published in 1909, reviewed the literature and 
found reports of 103 cases from the time of Volkmann’s original report in 
1869 to the time of Quimby’s report in 1908. Thomas added 4 reports 
of cases of his own. In 1907, Jones? stated that he had seen 24 cases, in 
19 of which there had been a fracture. In 1914, Murphy® presented 6 
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cases, but he stated that he had seen “a large number” of cases. From 
1910 to 1927, 128 patients with the condition were observed at the Mayo 
Clinic.* 

Bardenheuer® believed that the condition was wholly due to vascular 
disturbance and that the degeneration of muscle was caused by toxins 
which accumulate as a result of obstruction of venous outflow. Thomas 
felt that the condition could not result from circulatory disturbance alone, 
and considered that nerve injury was the underlying factor. 

It is certain that obstruction of the circulation alone does not cause 
the contracture. It has long been an accepted fact that obstruction of a 






‘Cicatrix 


ae. 


Fig. 775.—Volkmann’s contracture. Illustrating the evil result following too great com- 
pression of the forearm by ordinary wooden splints. Note cicatrix below elbow on the anterior 
surface of the forearm. Note permanent deformity of hand due to involvement of muscles and 
nerves in degenerative changes from pressure. 


main artery in an extremity causes dry gangrene with flaccid paralysis; 
obstruction of a principal vein results in wet gangrene. 

Experimental work on animals has borne out these observations. Liga- 
tion of vessels of an extremity has produced flaccid paralysis with or with- 
out gangrene. Trauma to nerves also results in flaccid paralysis with 
lengthening of muscles at times, but never fibrosis and contracture. 

Ischemic contracture presents quite a different picture from the con- 
ditions produced by injury to nerve alone or obstruction of circulation 
alone. The muscles are destroyed to a great extent. Fibrosis with an 
accompanying degeneration of muscle takes place, resulting in the short- 
ened cordlike structures which resemble scar tissue more than muscle cells. 
Nerves may be injured in the fibrosis. But the picture of ischemic con- 
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tracture remains the same—the shortened cordlike flexor muscles and the 
clawhand. 

There is something more than a circulatory and a nerve disturbance in 
the production of Volkmann’s contracture. I believe that added factor is 
pressure, extrinsic or intrinsic. Pressure follows an injury to the elbow 
region, associated with a supracondylar fracture. Pressure impairs the 
circulation, both arterial and venous. Pressure, plus the infiltration of 
tissues with blood, results in ischemic necrosis. Hemophilia has caused 
Volkmann’s contracture. Jepson’s® experimental work shows a combina- 
tion of factors, rather than any one factor, contributes to the production of 
the condition. 

The pressure may be extrinsic, such as results from wooden, metallic, 
or plaster of Paris splints or bandages applied too tightly; or intrinsic, re- 
sulting from too acute flexion of a swollen elbow or pressure from a sub- 
fascial hematoma. The result is the same. Pressure impairs the circula- 
tion and directly injures the tissues, resulting in fibrosis and shortening. 

The anatomical structure of the forearm and elbow favors the produc- 
tion of Volkmann’s contracture. The forearm and elbow are encased in a 
firm, resistant fascial envelope. The blood of hemorrhage within this en- 
velope cannot escape, and tremendous pressure results. Furthermore, in 
certain cases, the anatomical structure of the region contributes an added 
factor—the tendon of the biceps muscle passes downward and is inserted 
into the radius below. From this tendinous insertion springs a narrow 
fibrous band, the bicipital fascia, which crosses the elbow joint obliquely 
inward, fading out in the flexor muscles of the lower arm. The brachial 
artery passes directly beneath this fascia, which may be put under great 
tension due to intrinsic hemorrhage, edema, and swelling of the tissues. 
We may have tremendous hemorrhage with extravasation of blood into 
tissues in other parts of the body, and except for pressure hematoma in 
the popliteal region, a condition comparable to Volkmann’s contracture 
does not develop. It is because of the peculiar anatomical structure de- 
scribed that pressure within the fascia sufficient to produce the condition 
is possible. 

It is undoubtedly true that there is some obstruction to venous out- 
flow. There is extravasation of blood and serum. There is swelling of the 
soft structures, causing pressure. There certainly is an unyielding fascia, 
and there is some obstruction to the arterial circulation. This obstruction 
may be due either to actual arterial damage or to interruption of arterial 
flow from intrinsic pressure on the artery. It is probable that in certain 
cases a few or all of these factors combine to bring about a disintegration 
of the soft tissues due to hematoma with resulting pressure and anemia. 

Accurate reduction of the supracondylar fracture is the best preventa- 
tive against the development of Volkmann’s contracture. In 100 cases of 
this fracture on the Surgical Service at the Children’s Hospital, Boston, 
there was but one which caused concern because of impending Volkmann’s. 
In less skilled hands, although these cases are not frequent in any event, 
threatening Volkmann’s contracture will be met from time to time. In 
the Mayo Clinic series, Meyerding* states that nearly 40 per cent of the 
fractures of the humerus, most of which were supracondylar and had been 
treated by acute flexion, ended in imperfect union. Therefore, imperfect 
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reduction of the supracondylar fracture is a considerable factor in the 
production of ischemic contracture. If, in addition to the faulty reduc- 
tion, the elbow is placed in acute flexion, too tight bandages or splints are 
applied, or a hematoma exists in the antecubital fossa, tremendous pres- 
sure may be exerted upon the circulation with resulting contracture. All 
cases which have been manipulated and reduced should be frequently ob- 
served to determine the state of the circulation in the hand. If there is 
any question of impaired circulation, the fracture becomes of secondary 
importance. Efforts should be directed toward relieving the pressure, ex- 
trinsic or intrinsic. 

It is not unusual to encounter a supracondylar fracture which presents 
an absent radial pulse. After reduction, however, the pulse returns. Manip- 
ulation should be gentle and repeated attempts at reduction avoided. Too 
vigorous manipulation may cause extensive damage to soft tissues. 

There are other cases in which, after reduction or attempted reduction, 
the radial pulse is still absent, or present only with the elbow extended or 
partially flexed. In the latter case, the arm should be elevated upon a 
pillow in a position compatible with maintaining circulation. The case 
should be carefully watched, reduction completed only at such time as the 
circulation allows. 

Impending Danger.—The case in which the absent radial pulse persists, 
regardless of the forearm or the degree of reduction, presents the problem 
of incipient or impending Volkmann’s ischemic contracture. 

In the typical supracondylar fracture, the force which causes the frac- 
ture drives the condyles backward. The proximal fragment is displaced 
forward and downward, causing pressure against the soft tissues. Blood 
vessels and nerves may be compressed. Blood which fills the antecubital 
space increases the pressure. Nerves and blood vessels may be injured 
directly or secondarily by the pressure of the hematoma. Due to the fas- 
cial envelope, the blood cannot escape. At times, tremendous intrinsic 
pressure results. 

These cases, if seen soon after injury, usually present only the problems 
of the fracture. Accurate reduction and subsequent observation are suf- 
ficient. Occasionally, however, in addition to the usual deformity of the 
fracture, there is evidence of subfascial hematoma. The antecubital space 
is distended, tender, and painful. The swelling of the elbow increases and 
pain becomes more severe from hour to hour. Blebs of the skin may de- 
velop. The radial pulse is absent at the wrist. There is numbness of the 
hand which early is cyanotic, later cold and white. 

In such cases, the intrinsic pressure due to the subfascial hematoma in 
the antecubital space has increased sufficiently to shut off the circulation 
at the elbow. The veins, being more readily compressed, are blocked first. 
Consequently, the hand becomes cyanotic due to the interference with the 
venous outflow. As the pressure further increases, the more rigid artery is 
compressed. As a result, the hand becomes white, cold, and numb. There 
is loss of motor power of the flexor muscles of the hand. The radial pulse 
at the wrist is absent. 

Such a case is one of incipient or impending Volkmann’s contracture. 
The treatment of the condition depends upon a number of factors. Accu- 
rate reduction usually results in a return of the radial pulse at the wrist 
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and a disappearance of the other symptoms. Careful observation should 
follow. 

At times the radial pulse is absent with the elbow in acute flexion, but 
present in semiflexion or extension. The arm should, under these condi- 
tions, be elevated upon a pillow and the circulation observed. I do not 
operate. 

Then, there is the rare case in which the swollen painful elbow, the cold, 
white, numb hand, and absent radial pulse persist after reduction of the 
fracture, with the elbow at any degree of flexion or extension. The circu- 
lation is completely shut off. There is pressure from the hematoma and 
infiltration of the tissues by blood. An anemia of the tissues results. The 
muscle cells are destroyed. Ischemic necrosis of muscles and nerves takes 
place, with resultant fibrosis and shortening. 

The damage is done during the first twenty-four hours, certainly early. 
If the dreaded contracture is to be avoided, immediate treatment must be 
devoted to relieving the intrinsic pressure from the hematoma, disregarding 
the fracture. The treatment should be operative. It should be early. The 
operation is fasciotomy. 

Fasciotomy.—The operation of fasciotomy is performed as follows: An 
incision is made on the flexor aspect at the elbow over the hematoma, 
just medial to the biceps tendon. The fascia is opened widely. Muscle 
tissue and blood which have been under great tension will be liberated. 
In certain cases, the bicipital fascia will be found to be under great ten- 
sion, exerting tremendous pressure upon the brachial artery which passes 
beneath it. This fascia is incised. The artery, vein, and nerve may be 
observed to ascertain the presence or absence of injury. The fascia is left 
open, the skin being loosely sutured. A posterior molded plaster splint is 
applied and the arm is elevated upon a pillow. 

As one becomes more accustomed to the anterior approach, it is often 
possible to reduce the fracture through the fasciotomy wound. Murphy 
advocated early incision through an anterolateral ulnar approach with a 
delay of several days before reduction. In 1930, Meyerding* chose to enter 
the joint posteriorly, splitting the tendon of the triceps and, after washing 
out the blood clot from the antecubital space, to reduce the fracture by 
insertion of bone skid. At times, a beef-bone screw was passed through 
the condyles into the shaft to maintain reduction. In 1936, Meyerding™ 
suggests the anterior approach, as described above. This approach leads 
directly to the hematoma in the antecubital space and affords an excellent 
opportunity both to observe the nerves and blood vessels and to reduce 
the fracture. 

Three cases® of complete rupture of the brachial artery have been ob- 
served associated with fracture of the shaft of the humerus. The typical 
picture of impending Volkmann’s presented. In each case, following fas- 
ciotomy, no atrophy of the flexor group of muscles with degeneration and 
fibrosis developed. These cases demonstrate that, with the brachial artery 
completely severed, the collateral circulation of the lower arm and elbow 
is adequate to prevent gangrene and to nourish the flexor group of mus- 
cles, provided their collateral circulation is given an opportunity to func- 
tion. This opportunity is furnished by release of pressure upon the circu- 
lation by fasciotomy. 

42 
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It must be emphasized that the case presenting the typical picture of 
impending Volkmann’s contracture requiring fasciotomy is extremely rare. 
The fact that the condition is rare does not render it any less dangerous. 
If such a serious, but rare, situation is to avoid falling into disrepute, one 
must learn to evaluate carefully the signs and symptoms which require 
fasciotomy. Absent radial pulse at the wrist alone does not constitute an 





Fig. 776.—Case I in Mr. Dudgeon’s series showing characteristic deformity of Volkmann’s 
contracture. The original injury was in December, 1896. This photograph was taken November, 
1901, five years later. No treatment. Note final terrible result. 


indication for operative interference. Congenital absence of the radial 
pulse has been noted. 


A Case of Recent Fracture with Absent Radial Pulse.—A girl, eight years of age, was 
seen one-half hour after she had fallen from the parallel bars injuring her right elbow. A 





Fig. 777.—Volkmann’s contracture following fracture of the lower third of humerus. Child 
twelve years old. Operation ten weeks after the accident, by tendon lengthening, restored mo- 
tion after one year almost normally in elbow, forearm, wrist, and fingers, but not so strong as 
formerly. Arm before operation. Note: 1, Transverse scar 3 inches long running halfway 
round the arm 3 inches above the elbow joint; 2, atrophy of flexor bellies; 3, flexion and fixation 
of wrist; 4, extension and fixation of proximal phalanges; 5, acute flexion and fixation of two dis- 
tal segments of phalanges. (Case of Ferguson, Chicago.) 


school nurse had placed the injured arm in a sling in the position of acute flexion. «-Rays 
showed a supracondylar fracture with considerable deformity. The radial pulse was absent 
at the wrist. There was slight cyanosis of the hand. The patient volunteered the informa- 
tion that her hand felt numb. There was only moderate swelling of the elbow region. Pain 
was not marked. There was an area of ecchymosis in the antecubital region. The arm was 
changed from the position of acute flexion of the elbow to one of right-angled flexion. When 
seen twenty minutes later at the hospital, the numbness of the hand had disappeared. The 
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hand was of normal color and warmth. The radial pulse was absent. The swelling and pain 
at the elbow had not increased. Following careful manipulation with excellent reduction 
under the fluoroscope, the radial pulse was still absent. It was felt, in the presence of a 
hand of normal color and warmth without numbness, but with absent radial pulse, that an 
adequate blood supply was being maintained. The arm was elevated on a pillow at right- 
angled flexion and carefully observed. The picture did not change and on the eighth day 
after injury, under the fluoroscope, the arm was put up in acute flexion to complete reduc- 
tion. Throughout the convalescence, the absent radial pulse was the only disturbing factor. 
It returned twenty-one days after injury, and the patient went on to complete and uneventful 
recovery. 


This was a troublesome borderline case. Had there been a cold hand 
with numbness and color changes, as well as the absent pulse, evidence of 
impaired circulation would have constituted an indication for fasciotomy. 





Fig. 778.—Volkmann’s contracture. Note disappearance of flexion of fingers in wrist 
flexion. This case was operated by Littlewood by tendon lengthening with satisfactory functional 
result. (Case of Littlewood, Leeds.) 


Without these further changes, it was felt that the circulation must be 
getting through adequately in spite of the absent pulse. 

Coldness, color changes, and numbness, with loss of motor power of the 
flexors, accompany each other and, together with absent radial pulse, con- 
stitute an indication for fasciotomy. This is especially true if there is, in 
addition, a painful, greatly swollen elbow with evidence of hematoma in 
the antecubital area. 

In certain clinics, in order to avoid fasciotomy, the procedure of sus- 
pending the arm by overhead traction by means of a Kirschner wire 
through the olecranon is practiced. It is argued that in this way circula- 
tion is favored, and the traction maintains reduction of the fracture. 
Should this method of treatment fail to alleviate the situation, a fasciotomy 
could still be performed. This method is, I believe, capable of producing 
unfortunate results. It must be remembered that damage is done early 
in these cases of impending Volkmann’s, certainly during the first few 
hours. Any procedure which does not assure a positive method for re- 
lieving the intrinsic pressure may waste valuable time. The operation of 
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fasciotomy, performed early, relieves this pressure beyond the possibility 
of a doubt. 


A case in point follows’: 


A boy, nine years of age, was admitted to the hospital. An hour before admission, he 
had fallen on his left arm. 2-Ray showed a typical supracondylar fracture with marked pos- 





Fig. 779.—Volkmann’s contracture. Note flexion in wrist extension. (Case of Littlewood, 
Leeds.) 





Fig. 780.—Volkmann’s contracture following an injury to the elbow and treatment by splints. 


Note scar in upper third of the palmar surface of the left forearm. Note attitude of left hand and 
fingers. 


terior displacement of the distal fragment. There was pain in the elbow, which was swollen; 
the hand was cold and anesthetic; there was slight cyanosis; and there was no radial pulse. 
The fracture was reduced under the fluoroscope; the radial pulse was still absent. Four 
hours after reduction, there was no radial pulse; the hand had become white, was cold and 
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anesthetic. Pain in the elbow had increased with each hour, as had the swelling of the arm. 
An operation of fasciotomy was performed, and what appeared to be a thrombosis of the 
brachial artery was found, opposite the site of fracture. There was pulsation above the 
thrombosis but none below. The arm was placed on a pillow, and the radial pulse returned 
four days later, the warmth and color of the hand having improved the day following the 
operation. 


The impending Volkmann’s of the preceding case was due to direct in- 
jury to the circulation. A case giving the same picture, but due to pres- 
sure hematoma alone, follows: 


A girl, six years of age, was admitted to the hospital. Seventeen hours before admission, 
she had fallen and received a supracondylar fracture of the right humerus. There was 
marked backward displacement of the distal fragment. The elbow was greatly swollen and 
painful. There was swelling and ecchymosis in the antecubital area. The radial pulse was 
absent. The hand was cold, white, and numb. The fracture was carefully manipulated, but 
satisfactory reduction not obtained. Further efforts at reduction were not made because of 
the fear of increasing the already damaged circulation. The radial pulse was absent at all 
degrees of extension or flexion of the elbow. Neither was the appearance of the hand altered 
by extension of the lower arm. Accordingly, a fasciotomy was performed. A hematoma 
beneath the fascia, in the antecubital space, under considerable pressure was found. The 
vessels appeared normal. With the release of the hematoma, the skin was loosely sutured, 
and the arm slightly elevated on a ring arm splint. The radial pulse returned three hours 
after operation. The warmth and normal color of the hand also returned, and the anesthesia 
disappeared. The further reduction of the fracture was carried out six days later by manipu- 
lation. The patient now has good functional use of the elbow. No Volkmann’s contracture 
has occurred. 


Ischemic paralysis of the leg simulating Volkmann’s contracture, though 
rare, is occasionally observed. The following 2 cases’ are of interest: 


Case I.—A man, forty-five years of age, entered the hospital December 6, 1931, having 
received a severe contusion of the right leg in the popliteal region by being crushed between 
the bumper of an automobile and the landing ledge of a building. There was considerable 
swelling and ecchymosis in the popliteal region. No pulsations were palpable below the 
femoral pulse in the groin. There was anesthesia of the foot and lower leg. There was pain 
in the traumatized area. The right foot felt cold in contrast to the left. All pulsations were 
present on the left. a-Ray was negative for fracture. 

The foot was elevated on a pillow with a cradle and light over it. During the first 
week, the color of the foot and lower leg was poor. December 15, the tips of the toes were 
discolored, and by December 25, there was dry gangrene of the toes of the right foot. The 
circulation of the lower leg and foot had improved little, if any. He was discharged from 
the hospital January 29, 1932. 

The patient was not seen again until November 27, 1932. During the interval, the 
gangrenous toes had amputated themselyes. The foot was in rigid equinus. There was 
marked atrophy of all muscles below the knee so that the lower leg and foot looked mum- 
mified. There was no palpable circulation. The foot and lower leg were dusky in color; the 
temperature less than that of the left. Sensation had returned in the foot. 

November 28, 1932, tenotomy was performed on the tendo achillis, in order to bring the 
foot into a position compatible with walking. Dependency and activity of the leg were 
slowly prolonged until finally, after a period of disability of two years, the patient was able 
to return to his work as driver of a light laundry truck. There is still no palpable circulation 
below the groin, the appearance of the leg has changed but little, and it is problematical how 
long this man will be free from circulatory difficulty. 


Case II.—A man, forty-five years of age, entered the hospital March 12, 1935, having 
received a severe contusion of the left popliteal region by being crushed between the bumpers 
of two automobiles. There was tremendous ecchymosis, pain, and swelling of the upper leg 
and popliteal region. No pulsations were palpable below the groin. The left foot was cold, 
blanched, and partly anesthetic. (The right leg was normal.) «-Ray showed a fracture of 
the upper end of the fibula in good position. 
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In view of our experience with arms under similar condition, exploration of the popliteal 
region was performed. The fascia was opened widely, releasing a large amount of blood clot 
under considerable pressure. The popliteal artery and vein were identified. Above a certain 
point, there was pulsation in the artery; below, none. Although no thrombus was evident, 
there may have been one or the condition was possibly only spastic. The fascia was left 
open, the skin being loosely closed. 

In twenty-four hours, the anesthesia of the foot was diminished; there was a definite 
increase in warmth; and the color of the foot was better. In forty-eight hours, the anesthesia 
had entirely disappeared and there was a further improvement in color and warmth. On 
the fifth day after operation, pulsation in the dorsalis pedis and posterior tibial arteries was 
palpable. Dependency and activity were brought along slowly, and, seven weeks after injury, 
the patient was walking in the hospital on a foot which appeared to have adequate circulation 
for the activity his work on a bakery truck will require. 

On June 5, 1935, he showed some edema below the knee. Pulsation in the dorsalis pedis 
(from behind forward) was of good volume. Color and temperature of the foot were normal. 
Sensation was normal throughout and there were no paralyses. Patient was able to walk 
and was incommoded only by stiffness in knee flexion, largely due to a thick scar unavoidably 
crossing the popliteal space. 


Here we have two very similar cases. Both were men forty-five years 
of age. Each received a severe crushing injury to the popliteal region. The 


Fig. 781. 





Fig. 782. 
Fig. 781.—Type of supracondylar fracture at times associated with Volkmann’s contracture. 
; Radial pulse absent. Lateral view. (Jones.) 
Fig. 782.—Same case as Fig. 781. Anteroposterior view. (Jones.) 


first, treated simply by elevation and rest of the leg, resulted in a two 
years’ disability and a leg with a very questionable circulation. In the 
second, where a fasciotomy gave the artery a chance to open up, or the 
collateral circulation an opportunity to function, the patient, after seven 
weeks, had a leg upon which he could tolerate dependency for increasing 
periods of time and was in a few more weeks able to return to his work 
upon a leg worthy of his confidence. 

The pavaex boot has intentionally not been used on either the arm or 
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leg cases. In circulatory accidents which block a peripheral vessel, the 
pathology is confined to the vessel itself. In impending Volkmann’s con- 
tracture, there is, in addition to the direct vascular injury, the action of 
pressure. It is this latter factor which makes Volkmann’s a distinct en- 
tity requiring treatment which will relieve the pressure quickly and surely. 
Should the pavaex machine fail to relieve the condition, valuable hours 
would be lost. It is difficult to understand how the pavaex boot could 
relieve the effects of a pressure hematoma; it is within reason to feel that 
it might aggravate the condition. 

Conservative Treatment of Volkmann’s Ischemic Contracture.—In de- 
termining appropriate treatment for Volkmann’s ischemic contracture, 
consideration of the time element between injury and the beginning of 
treatment is important. Volkmann’s contracture may develop within a 
few hours after injury. Not uncommonly it develops in the absence of 





Fig. 783. Fig. 784. 

Fig. 783.—After careful manipulation this partial reduction (lateral view) was obtained. 
Radial pulse still absent. A Volkmann’s paralysis was threatening. Fasciotomy was done. 
Extravasated blood under tension was evacuated. Circulation in hand improved immediately 
and became warmer. Radial pulse returned in the fourth day after fasciotomy. Volkmann’s 
contracture avoided by this operative procedure. (Jones.) 

Fig. 784.—Anteroposterior view of Fig. 783. (Jones.) 


treatment; it has developed in cases where no splints, bandages, or other 
forms of apparatus have been employed. The cases of contracture which 
have occurred in hemophilia have been mentioned previously. 

Usually, by the time a case of contracture is presented for treatment, 
the wrist is flexed, the metacarpophalangeal joints extended, and the pha- 
langes acutely flexed. Fibrosis has already started in the flexor muscles 
of the forearm. Elbow motion is impaired and the hand is held in prona- 
tion. There are varying amounts of numbness in the lower arm and hand 
dependent upon the nerves involved and the extent of involvement. 

In these early cases, conservative treatment should be started at once. 
Gradual extension of the contracted muscles, followimg in general the 
methods of Sir Robert Jones, should be employed. 

With the wrist acutely flexed, it is possible to extend the fingers. A 
throat stick splint is fastened to each contracted finger to maintain the 
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extended position. Efforts are then directed toward actively extending the 
contracted metacarpophalangeal joints. When this has been accomplished, 
longer splints extending to the wrist are applied. The wrist is next exer- 
cised until it can be extended, and a splint extending to the elbow is 
employed. Such splints adequately padded and held in place by adhesive 
strips are as effective as more elaborate apparatus. At times, modifications 
such as the banjo splint may be used to advantage. Active motion is en- 
couraged and is augmented by physiotherapy. 

A second group consists of those cases in which the injury occurred 
several months before. There is a typical clawhand. The contracted 
flexor muscles can be felt in the lower arm resembling fibrotic cords. The 
swelling has gone. The hand is held in pronation. Supination is often 
impossible. There may be limitation of motion of the elbow. Paralysis 
varying from primary nerve injury to secondary involvement in scar tissue 
exists. The radial pulse may still be absent. There may be atrophy of 
bone as well as of muscle. Vicious union exists in about 40 per cent of 
the cases. 

Whatever the form of treatment employed in these cases, results are 
apt to be less satisfactory than in the previous group. Conservative 
methods are also apt to prove best in this group. The stretching methods 
outlined above should be tried. If these fail, surgery may be resorted to 
in an effort to free tendons tied in the cicatrix. 

A third group, in which years may have elapsed since the injury, pre- 
sent problems which can at best be only partly alleviated. The ropelike 
contractures of the flexor muscles, the bone atrophy, nerve involvement, 
and impaired circulation make anything but a partial return of function 
impossible. There can be no complete cure. Conservative methods, al- 
though they should be tried, usually prove futile. 

Some improvement may be obtained by tendon lengthening operations. 
Nerves bound down in scar tissue may be liberated. In extreme cases, 
resection of bone may be employed if contracture is long-standing and 
extreme. Forcible stretching of muscles and joints under anesthesia is 
not advised. Lowering of the origin of the flexor muscles is a valuable 
procedure at times. Any of these operative procedures produce best re- 
sults when combined with the conservative methods previously outlined. 

From the foregoing, it is evident that the prognosis of Volkmann’s con- 
tracture depends upon a number of factors. At best, it is a crippling con- 
dition which treatment can only partly cure. It is a condition which may 
be prevented by a very simple but effective procedure. 

Summary.—Certain elbow injuries, notably supracondylar fractures, 
present themselves with a painful swollen elbow, an absent radial pulse, 
and a cold anesthetic hand. If, after careful reduction, there is still dimin- 
ished or absent radial pulse with loss of sensation of the hand, loss of vol- 
untary motor power, and pain in the elbow increasing hour by hour, Volk- 
mann’s contracture is impending. Immediate operation is necessary. The 
operation should be a fasciotomy. Appreciation of these facts is important 
not only in saving function, but also in lightening the burden of medico- 
legal responsibility that falls upon the doctors who treat these patients. 

Conclusions.—1. Volkmann’s contracture can be prevented. 

2. Prevention of Volkmann’s contracture is most important. 
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3. Volkmann’s contracture does occur in the absence of splints or tight 
bandages. 


4. Volkmann’s contracture is caused in certain cases by interruption of 
circulation. 


5. This interruption may be due to direct injury to the vessels them- 
selves. 


6. This interruption may be due to intrinsic pressure upon the circula- 
tion caused by hemorrhage within the fascial envelope. 

7. The collateral circulation of the elbow is adequate if afforded an 
opportunity to function. 


8. The operation of fasciotomy, performed early, gives this opportunity. 
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CHAPTER XXXI 
FRACTURES OF THE BONES OF THE FOREARM 


FRACTURES OF BOTH RADIUS AND ULNA 


Fracrures of the forearm probably offer more problems in mechanics 
than any other fractures in the body, not excepting the femur. There are 
here two bones which form a pedestal, supporting the hand and having 
attached to them an intricate system of muscles which control the hand. 
The arm in itself is of comparatively little use; it is the fact that it con- 
trols the motion of the hand that makes it important. The ulna can be 
considered an extension of the arm downward and the radius an extension 
of the hand upward, as the ulna articulates with the humerus in a pure 
hinge joint and is supported by the humerus, tapering down to a smaller 
diameter at its distal portion than at its base at the elbow. The radius, 
however, is wider at its distal portion, tapering toward the elbow. The 
radius is concerned with motions of the hand; the ulna, with motions of 
the arm. The radius forms an important part of the wrist joint, and the 
ulna a very small part. The ulna forms a very large part of the elbow 
joint, and the radius a very small part. These two bones, of course, are 
joined by the interosseous membrane, the fibers of which run from the 
ulna to the radius in a slightly upward direction, so that a blow trans- 
mitted from the hand to the radius, driving the radius upward, has a 
direct pull on the ulna also, and, if the bones are fractured, has a tendency 
to draw the fractured fragments together. Many of the muscles of the 
forearm have more than one direction of pull, depending on what position 
the hand occupies. The pronators and supinators have in some cases al- 
most a direct transverse pull on both bones, and, in addition to their rotat- 
ing action, some of them, as the pronator radii teres, biceps, and brachio- 
radialis, have a flexor action (Magnuson). 

Sites of Fracture —The most common sites of fracture are in either the 
middle or lower thirds of the bones. The fracture of the radius is often a 
little higher than the fracture of the ulna. It is an interesting observation 
(Troell) that when studying a large series of forearm fractures it is noted 
that in individuals with incomplete ossification the fracture is usually trans- 
verse of the diaphysis of both bones of the forearm (Figs. 794, 831, 858). 
If the fracture occurs in an individual with complete ossification (that is, 
past twenty years) there occurs a fracture of the region of the lower radial 
epiphysis with or without injury to the ulnar styloid process. 

Symptoms.—The arm cannot be used without pain. In a muscular or 
fat arm with little separation of the fragments there may be no deformity 
excepting the localized swelling at the seat of fracture. Deformity will be 
determined by the displacement of the bones. If the seat of fracture is 
not obvious the forearm should be grasped by the two hands (Fig. 802) 
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and gentle but firm movement attempted, to determine the presence of 
abnormal motion and crepitus. Motion should be attempted in all direc- 
tions, for the bones may be fractured and yet be locked when movement is 
made in one direction only. An a-ray examination is always necessary. 

Incomplete or Greenstick Fracture of the Bones of the Forearm (Figs. 
805-808) —This is a partial break across the bone, with bending at the 
seat of fracture. In children between the ages of two and fourteen years 
injury to the bones of the forearm results usually in a greenstick fracture. 
Either one or both bones may be broken. One bone may be completely 
fractured, while the other is incompletely broken. 

Deformity is very evident. Pain and tenderness at the seat of fracture 
are present. Crepitus is absent unless one bone is completely fractured. 
Children having these fractures are often seen a week or two after the in- 
jury; they are said to have “sprained the arm” and “are unable to use it 
well at the present time.” Careful inspection will detect the character- 
istic bowing at the seat of a greenstick fracture. Slight callus will be 
present if a little time has elapsed since the injury. 

Fracture of the Head and Neck of the Radius.—This fracture of the 
upper end of the radius is being discovered more frequently than hitherto 
because of the employment of the v-ray in doubtful injuries to the elbow. 
The fracture line is faint. The fracture is obscure. The fragments may 
not be separated. It is little recognized. Upon its recognition and proper 
treatment depend possibly the integrity of the elbow and wrist movements 
of pronation and supination. 

The fracture of the head (including cases in which the fracture line in- 
volves the radio-ulnar joint capsule). These will be complete or incom- 
plete fractures. The complete fractures will include marginal, comminuted 
and extending into the neck, and displacements of the epiphysis. The 
incomplete fractures will be fissures of the head. 

The fractures of the neck will be inclusive of those below the head and 
above the bicipital tubercle. These fractures of the neck may be complete 
or incomplete. 

The important factor in all these fractures, aside from the displace- 
ments existing, is the degree that the orbicular ligament is torn. Appar- 
ently the extent of the laceration of this ligament, together with the un- 
reduced displacement of fragments, determine very largely the amount of 
subsequent disability. ; 

When the fracture is confined to the head of the radius and upper part 
of the neck it is wholly intracapsular, that is, within the orbicular ligament. 
The fragment is often wedge shaped. The fracture is longitudinal in direc- 
tion, splitting the edges of the button-like head (Figs. 785,787). A broken- 
off marginal fragment may be forced through the capsular ligament or 
pushed into the elbow joint. It may become a loose body in the joint, 
blocking motion. A fragment is rarely completely detached from the 
capsule. It is, however, possible for a fragment to become partially or 
wholly separated and to lie so as to check flexion of the forearm or so as 
to hinder pronation and supination. 

Etiology.—A fall forward upon the outstretched pronated hand with 
elbow extended is the usual cause of this fracture of the upper end of the 
radius. 
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Forty per cent of Cutler’s! series received a fracture from a fall on the 
elbow directly, 20 per cent from indirect violence. 

Why the head in one case and the neck of the radius in another case is 
fractured is probably due to the varying amount and direction of the force 
acting through the shaft of the radius. 








Fig. 785.—Fracture of the neck of the Fig. 786.—Fracture of the neck of the 
radius. Anteroposterior view. The arrow radius. Same as Fig. 785. Lateral view. 
points to the line of the fracture. The arrow points to the line of the fracture. 





Fig. 787.—Fracture of the head of the radius in an adult. Note the longitudinal lines of 
fracture and the head split into three wedge-shaped pieces. Arrow No. 3 points to lines of frac- 
ture. Arrow No. 4 points to anteriorly displaced fragment. See also Fig. 788. (Porter.) 


Diagnosis —The fracture of the upper end of the radius is often asso- 
ciated with other minor or major injuries. At times it is associated with 
fractures of the external condyle of the humerus, with dislocation of the 
forearm backward, with fracture of the coronoid process of the ulna, frac- 


1 Annals of Surgery, January, 1926. 
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ture of the shaft of the ulna with dislocation of the radius alone, with sub- 
luxation of the radial head. If any of these lesions are present a fracture 
of the head or neck of the radius should be looked for very carefully, al- 
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Fig. 788.—Fracture of the head of the radius in an Fig. 789—Common displace- 
adult. Note the longitudinal characteristic splitting of | ment in fracture of the neck of the 
the head at arrow No. 2. Note the fragment displaced radius. This type requires opera- 


forward at arrow No. 1. Recovery with flexion and ex- tion. (After Mouchet.) 
tension limited. (Porter.) 





Fig. 790.—Roentgenogram. Anteropos- Fig. 791.—Roentgenogram. Lateral view 
terior view of elbow. Note fracture of the neck of elbow. Note slight impaction of neck of 
of the radius with change in relations of the ar- _ radius and fracture of tip of olecranon. (Arial 
ticular surface of radius to the capitellum. George.) 

Fracture of tip of olecranon. (Arial George.) 


though in the presence of severe injury to the elbow region the radial 
fracture may seem to be of secondary importance. If the neck is frac- 
tured the head may not rotate with the shaft of the bone. 
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Fracture of the neck of the radius occurs more often in youth and child- 
hood, while fracture of the head occurs in adult life. 

If after a fall upon the hand there is pain and swelling at the outer 
side of the elbow and exquisite tenderness upon pressure over the region 
of the head and neck of the radius, and the movements of complete exten- 





Fig. 792.—Roentgenogram of injured elbow showing a fracture of the olecranon process 
at its ek elbow joint, not opened. Impacted fracture of the neck of the radius close to the head. 
(Holmes. 


sion and flexion are limited and painful, together with limitation and pain 
in the movements of pronation and supination especially, and if other in- 
juries enumerated above can be excluded, the diagnosis may be made of 
an injury to the head or neck of the radius. 





Fig. 793.—Comminuted fracture of the orbicular head of the radius. (Arial George.) 


The swelling over the head of the radius will not be commensurate with 
the pain and often great impairment of function occasioned by a fracture 
of the radial neck or head. If crepitus can be elicited the diagnosis is 
confirmed. Many physical conditions may prevent crepitus even in the 
presence of a fracture. If the fracture is overlooked and treated as a con- 
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tusion or a sprain there may be subsequent nonunion or limitation of joint 
motion; this latter is dependent upon excessive callus formation and ad- 
hesions. Persistent impairment of the motions dependent upon the integ- 
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Fig. 794.—Fracture of both bones of the forearm above wrist. A not uncommonly overlooked 
and frequent injury. (Children’s Hospital, P. Brown.) 








rity of the radiohumeral and radio-ulnar articulations will be the best evi- 
dence of injury to the radial head or neck. 

Prognosis——The superior radio-ulnar articulation and the upper sur- 
face of the cup-shaped head being involved in this variety of fracture, 








Fig. 795.—Fracture of head of radius with anterior luxation of the radius. Lateral view. 
(Thomas.) 


limitation in pronation and supination and in flexion and extension of the 
forearm is a probable result. Neglected cases of radial head fracture may 
result in elbow joint ankylosis. 
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Fig. 796.—Fracture of head with postluxation of elbow. (Thomas.) 








é 
Fig. 797.—Fracture of both radius and Fig. 798—Fracture of both radius and 
ulna in lower third. Note tendency of lower ulna. Note tendency for all fragments to 
fragments to come together and of upper frag- separate and bend outward away from midline 
ments to separate. of forearm. 








Fig. 799.—Separation of lower radial epiphysis. Note the dorsal displacement and deformity 
seen in outline and that there is little lateral displacement. (M. G. H., Dodd.) 
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Under proper treatment an uncomplicated fracture of the head or neck 
of the radius should result in union of fragments and normal function of 
the part. Adult operative cases give good results. 

Treatment—In children and youth the elbow should be placed in the 
acutely flexed position with forearm in complete supination after manip- 
ulative pressure and traction on forearm. Usually after ten days guarded 
painless motion may be begun and along with massage will succeed in 
securing almost perfect function of the joint. 

In adults, excepting in linear fractures without much if any displace- 
ment, a complete removal of the head of the radius immediately after the 
injury should be done. All fragments should be carefully removed. Avoid 
injury to the joint capsule and synovial membrane. Keep the annular 








Fig. 800.—Note lateral displacement of separated lower radial epiphysis. Child about eight 
years old. (M. G. H., Dodd.) 


ligament intact. Close the wound tight. In about a week or less begin 
active guarded movements. : 

If the fragments are widely separated the orbicular ligament 1s prob- 
ably torn, and immediate operation upon the subsidence of the primary 
swelling is wise. Displaced fragments impede movement. 

In operating, the fragments of bone should be removed, and when the 
exact conditions are seen a complete resection of the head of the radius 
done. Operation is indicated with a complicating irreducible dislocation of 
radius or ulna or both. . 

Resection of a fractured or dislocated proximal portion of the radius 
may be complicated by the regeneration of a new head of the radius. This 
new bone comes from three sources probably: (1) the marrow spaces, 
(2) the periosteum of the radius adjacent to the resected area and (3) 
the tissue of the joint capsule (C. J. Sutro). It has been suggested that 
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a flap of fascia lata be placed securely over the end of the radius remain- 
ing following the resection, a kind of arthroplasty (Sutro). 

After the primary immobilizing splint is removed the elbow will be 
found to be pretty stiff. Gentle massage and passive motion and attempts 


; 











Fig. 801.—Note dorsal displacement of separated lower radial epiphysis. Child about eight 
years old. (M. G. H., Dodd.) 


at active motion should, within four to eight weeks, result in approximately 
normal elbow movements. 

Operation should be undertaken in those overlooked old cases in which 
nonunion, malunion and adhesions, and excessive callus formation and a 





Fig. 802.—Manner of grasping forearm to detect the presence of fracture. Note the firmness of 
grasp. 


displaced fragment have resulted in impairment of the usefulness of the 
forearm and elbow. 


Fracture of the Shaft of the Radius (Figs. 807-811) —This is usually 
caused by direct violence. 


The back-fire fracture, or the fracture from a kick-back of an automo- 
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Fig. 803. Fig. 804. 

Fig. 803.—Separation of the lower epiphysis of both radius and ulna and fracture of the 
lower end of ulna through base of styloid process of ulna. Note lateral displacement to radial 
side of both fragments. 

Fig. 804.—Same as Fig. 803. Fragments replaced by manipulation without incision. 


poo 


Fig. 805.—Greenstick fracture of both bones of the right forearm. Note uniform bending of the 
forearm. 


Fig. 806.—Greenstick fracture of both bones of the forearm of a child. Same as Fig. 805. 


676 FRACTURES OF THE BONES OF THE FOREARM 


bile crank handle, the chauffeur’s fracture, is not a constant lesion. The 
sites of fracture in the order of frequency as analyzed in a large group of 
cases are as follows: in the lower third of the radius; one of the carpal 
bones—the scaphoid usually; through the level of the lower radial epiph- 
ysis; through the ulnar styloid process and the radial epiphyseal line. 





Fig. 807.—Lateral view of a greenstick fracture of the radius. 


After this injury 25 per cent of the cases showed only damage to the 
soft parts (Bizarro) . 

The fracture occurring at any part of the shaft presents no unusual 
symptoms. The head of the bone does not rotate with the shaft unless the 
fragments are locked. Abnormal mobility, pain, and crepitus are present. 
The displacements vary with the situation of the fracture. Pronation and 
supination will be limited and painful. This fracture has been mistaken 








& 


Fig. 808.—Greenstick fracture of the ulna. Fig. 809.—Comminuted fracture of radius. 
Arrow points to the site of fracture. Note the An unusual type more often seen in the lower 
bending of both radius and ulna and crack in leg. 
convexity of the bent ulna. 


for a subluxation of the radial head. A fracture of the radial shaft at the 
junction of the lower and middle thirds will sometimes suggest very plainly 
the lateral deformity in a Colles’ fracture, the prominent ulna and appar- 
ently shortened styloid process of the radius being in evidence. If the 
fracture occurs in the upper third of the bone, the displacement of the 
upper fragment will be considerable. 
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Separation of the Lower Epiphysis of the Radius.—The lower radial 
epiphysis unites to the shaft of the bone at the twentieth year. Prior 
to this age a separation of the epiphysis is not at all uncommon. Many 
cases of separation of this epiphysis are thought to be Colles’ fractures, 
and they are treated as such. 

A soft, cartilaginous crepitus is felt. There are usually less swelling 
and less pain than in a Colles’ fracture. The deformity is quite constant: 
a prominence near the carpus on the dorsum of the wrist and a prom- 
inence higher up on the palmar surface of the wrist. If the epiphysis is 
displaced without any fracture of the diaphysis recurrence of deformity is 
quite likely after reduction. If a few bony spicules are attached to the 
replaced epiphysis recurrence of deformity following reduction is less likely. 
It is often quite difficult to secure absolutely perfect reduction of the 
epiphyseal fragment. 





Fig. 812.—Transverse fracture of Fig. 813—Same as Fig. 812. Lateral view. Note 
the ulna and radius. Much displace- the anteroposterior deformity. An x-ray should always 
ment of ulnar fragment. be taken in at least two planes. 


In a large percentage of Colles’ fractures the styloid of the ulna is 
broken. In separation of the radial epiphysis the ulna is broken a bit 
higher in the shaft. In Colles’ fracture there is ordinarily a radial devia- 
tion of the hand which is absent in epiphyseal separation. The lower radial 
epiphysis is displaced dorsally backward. The periosteum stripped from 
it is attached at the dorsal attachment of the shaft. This stripped perios- 
teum accounts for the dorsal bone mass being so great in comparison with 
the palmar bone mass. 

It is almost impossible to reduce a separated lower radial epiphysis 
after two or three weeks have elapsed until this excessive callus mass is 
divided. 

A little bone tissue may accompany the displaced epiphysis broken 
from the distal end of the diaphysis. Interference with growth following 
separation of the epiphysis is considered in Chapter VI. There is no 
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doubt that nature compensates for deformity following separation of 
this epiphysis. M. K. Smith has reported 2 cases: A boy of thirteen 
with marked deformity from dorsal displacement seen two weeks after 
the accident. Attempted reduction under general anesthesia was unsuc- 
cessful. Nine months later there was no apparent difference between the 
two wrists. 

A girl of eight with a dorsally displaced lower radial epiphysis appeared 
eleven days after the injury. Reduction under a general anesthetic was 
impossible. After five months there was some improvement in the appear- 
ance of the wrist. Two years subsequently the roentgen ray and clinical 
examination showed hardly any deformity of the wrist. 

Nature does make up for displaced epiphyses very largely. This should 
not prevent the surgeon from completely reducing the displacement. 

Treatment.—The usual dorsal displacement of the epiphysis requires 
forcing the epiphysis down over the end of the diaphysis. The pushing of 
the epiphyseal fragment into position may be facilitated by traction down- 
ward on the hand. 

Zadek* finds that there is a tendency to recurrence of the deformity 
because of the smooth cartilaginous surfaces offering no serrations to hold 
the fragment in place. 

Zadek calls attention to the fact that forced palmar flexion of the wrist 
through the pressure brought to bear on the fragment by the tense extensor 
tendons, together with the position itself of flexion of the wrist, hold se- 
curely the replaced epiphysis. A circular plaster of Paris splint seems to 
maintain the flexed position. This splint should extend from the meta- 
carpophalangeal joints to the middle of the forearm. If two or three weeks 
have elapsed after the injury, open reduction of this displacement is indi- 
cated. The operation should be conducted as for an old unreduced Colles’ 
fracture. 

Zadek emphasizes the wisdom of approaching such an injury laterally 
rather than through a dorsal incision. The large dorsal callus would render 
difficult the approach to the line of bone cleavage. 

After the operation of freeing the epiphyseal fragment the wrist should 
be retained in palmar flexion as after reduction of recent separations. 
Retention of the splint for two weeks will secure firm union. 

Fracture of the shaft of the ulna, with or without radial head disloca- 
tion, occurs usually because of a direct blow received upon the arm raised 
for protection. It is more uncommon than fracture of the radius (Fig. 
808). It is easily compound. 

In all fractures of the upper half of the ulna with displaced fragments 
the radio-ulnar joint is involved. This dislocation of the head of the radius 
should be recognized at once and immediate treatment begun. The dis- 
location must be reduced in order that the ulnar fracture fragments may 
be approximated. The head of the radius in adults usually penetrates the 
orbicular ligament as it is displaced forward. About 5 per cent of ulnar 
shaft fractures (exclusive of olecranon and styloid processes) are associated 
with dislocation of the head of the radius. All ulnar shaft fractures should 
have the elbow joint region v-rayed. The dislocation of the radial head 
and the fracture of the ulnar shaft may be reduced simultaneously by 


1 Archives of Surgery, May, 1925, p. 969. 
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closed manipulation. In a small’ group of these cases operation on the 
ulnar shaft may be necessary. 

Localized tenderness, pain upon attempting to use the forearm, ob- 
scure discomfort in the arm after an injury—these may be the only signs 
of fracture. There is no general swelling of the forearm. Ordinarily, there 
will be very little displacement, because the radius serves as a splint for 





Fig. 814.—Greenstick fracture of ulna and radius. Lateral view of Fig. 815. 


the broken bone. Crepitus may be detected if the ulna is grasped between 
the fingers, placed either side of the fracture, and motion is attempted. 
The shaft of the ulna being subcutaneous throughout its entire extent, the 
tender seat of fracture can be determined easily (Fig. 850). 

Fracture of the coronoid process of the ulna is associated with back- 
ward dislocation of the ulna. It is a rare accident. A very small fragment 





__ Fig. 815.—Lateral view of Fig. 814. Note the considerable displacement of fragments. A 
difficult fracture to reduce and hold reduced unless the fragments can be locked in position. Al- 
most impossible to lock fragments of both bones without an incision and digital pressure. 


is broken off, and it is not much displaced. If in any dislocation of the 
forearm backward recurrence of the deformity after reduction occurs read- 
ily, a fracture of the coronoid should be suspected. This will be confirmed 
by the discovery of a small hard mass in front of the elbow joint just above 
the insertion of the brachialis anticus muscle; roughly, a fingerbreadth 
above the bend of the elbow. This small hard mass may give crepitus upon 
being manipulated. It is very difficult to detect this fragment of the 
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coronoid process even under the most favorable conditions. The roentgen 
ray may discover it. 

Fracture of the Bones of the Forearm Classified According to the Re- 
lation of the Fracture to the Insertion of the Pronator Radii Teres Muscle. 
—If the fracture is above the pronator radii teres and below the insertion 
of the biceps, the fragments will be acted upon by the pronator radii teres, 
pronator quadratus, the biceps, the supinator brevis, and the supinator 
longus. Both powerful pronators are attached to the lower fragment. The 
quadratus and radii teres and supinator longus all pronate the lower frag- 
ment and pull it over against the ulna. 





Fig. 816.—Fracture of both bones of the Fig. 817.—Lateral view of Fig. 816. 
forearm at different levels. Attempted trac- 
tion, repeatedly made, failed to secure appo- 
sition of fragments. Incision and reposition 
finally was successful with good functional re- 
sult, as well as good anatomic result. 


The upper fragment is pulled by the biceps anteriorly to the lower 
fragment and it is supinated and flexed by the supinator brevis. There 
will be therefore extreme displacement of the two ends of the fragments 
with very little external deformity. 

The lower fragment will be pronated and the upper fragment supinated. 

If the fracture is below the pronator radii teres and the biceps, the 
upper fragment is pulled forward and upward by the biceps (Fig. 851). 
The supinators and the pronators will be opposed. The lower end of the 
upper fragment will be pulled toward the ulna. The supination of the 
upper fragment will be marked. 

The lower fragments will be pulled together and the radial fragment 
strongly pronated, a pronation of the lower fragment and a supination of 
the upper fragment. In addition to these definite muscularly balanced dis- 
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placements it must never be forgotten that the original direct violence 
will contribute its influence to the muscular factors in the resulting dis- 
placements. 
The carefully taken anteroposterior and lateral roentgen-ray stereo- 
scopic plates will exactly measure the problem of reposition. . 
Treatment of Fractures of the Forearm—If heavier and prolonged 
traction is required the method used by Heller is available. Heller's fore- 





Fig. 818. Fig. 819. 


Fig. 818.—Suspension traction frame for forearm fractures. (Heller.) 
Fig. 819.—Suspension traction frame for forearm fractures, lateral view. (Heller.) 


arm extension-counterextension frame for use in fractures of both bones 
of the forearm, or in single and compound fractures where the soft parts 
are damaged to a point not permitting the usual types of dressing (Figs. 
818, 819). The illustrations show diagrammatically the type of dressing 
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applied in cases where both bones were fractured transversely in the upper 
half. Moist dressings, Dakin’s irrigation, manipulation of fragments, local 
drainage operations and other procedures may readily be carried out on 
any part of the extremity from axilla to wrist without jeopardizing the 
extension applied to fractures. 

Mastisol (Béhler) is applied to the wrist and hand. Felt is applied as 
a cuff to the wrist and heel of the hand. Radial and ulnar strips of muslin 
are applied over more mastisol, and the whole held firmly to wrist and 
hand with more muslin bandage. 

If skeletal traction is used, the area of the olecranon is prepared sur- 
gically and a Kirschner wire passed. If this type of countertraction is 
not deemed necessary, an ample piece of felt is laid over the arm at its 
lower third and canvas connected with rope and weights used. If skeletal 





Fig. 820.—Fracture of both bones of the forearm. Note patient lying on back; counter- 
traction in axilla and against chest wall; hitch around wrist; manipulation of forearm with free 


hands. (Magnuson.) 


traction and countertraction are both indicated, the rustless wire is passed 
through the juxta-articular portions of radius and ulna at the wrist, or 
through the metacarpal heads. 

The objects of treatment are to prevent permanent deformity and to 
preserve the movements of pronation and supination. 

Fracture of Both Radius and Ulna.—The necessity of securing normal 
movement at the upper and lower radio-ulnar joints, after fracture of the 
shafts of the radius and ulna, is so important and this movement may be 
so greatly impaired by deviations of the four fragments concerned that it 
is essential not only to secure alignment of shaft fragments of the respec- 
tive bones, but also to place fragments in end-to-end apposition. 

Time for Reduction—The surgeon should not wait for the swelling to 
appear and subside; neither should he wait ordinarily for the swelling which 
has appeared to subside. The quickest subsidence of swelling associated 
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with fracture of the forearm will be brought about by immediately reduc- 
ing the fractured fragments. The earlier after fracture the reduction is 
attempted, the easier will it be to bring about reduction. 

The earlier the fracture is reduced, the better will be the repair of the 
fracture. The more accurate and immediate the reduction, the smaller 
will be the amount of callus. In the forearm a minimum callus is desir- 
able. Therefore replace the fragments in exact reposition. 

Whipple and St. John made important observations upon the micro- 
scopic appearances of the tissue forming between fractured forearm frag- 
ments at successive stages of the reparative process. These observations 
confirm the importance of an early immediate reduction of the fracture as 
almost a sine qua non to successful treatment. 

Anesthetic—A general anesthetic should always be used in attempting 
the reduction of displaced fragments of fractures of both bones of the 
forearm. 

The general anesthesia causes: (1) Muscle relaxation absolutely essen- 
tial to a successful reposition of a fracture; (2) eliminates pain, a most 
desirable thing; (3) enables the surgeon to proceed with the attempted 
replacement deliberately and carefully and not hurriedly. 

In young children under ten years nitrous oxide and oxygen may give 
the desired relaxation. In individuals over ten years of age and in adults 
the administration of ether will prove more satisfactory. 

Fluoroscopic reduction is absolutely essential. As Whipple and St. 
John! point out, all surgeons acknowledge that the advantage of the re- 
duction of a fracture by vision is helpful. The fluoroscope adds to the 
facility of the surgeon by making the fragments visible. Palpation of the 
fragments alone is not equal to the visible manipulations. 

There are four fragments to deal with and the surgeon will be obliged 
to use his mechanical sense and ingenuity in manipulation, traction, and 
angulation in order to reduce first two fragments and then two other frag- 
ments. The roentgen ray will assure the surgeon that fragments which 
have been reduced do not slip. Following the reduction of the fracture a 
roentgen-ray record should always be made. 

Adequate Assistants—The surgeon should not attempt any fracture 
treatment without a sufficient number of trained assistants. No surgeon 
should operate without trained assistants. The attempted reduction of 
the four fracture fragments of the radius and ulna is a major surgical pro- 
cedure demanding all the necessary available skill possible. At least four 
men are needed, viz., the surgeon, an anesthetist, one assistant to maintain 
traction, one assistant to maintain countertraction, and to assist the sur- 
geon in the manipulations made. The help of a Hawley table is a great 
advantage. 

It is important to complete the reduction of the fragments the first 
day, particularly is this true in the case of a fracture of the forearm in 
a child. 

It is unwise to postpone reduction even for a day or two because the 
retraction of fasciae, the round cell infiltration of the soft parts, the rigidity 
of shortened muscles, the swelling of the soft parts will all hinder and ren- 
der difficult a reduction that is postponed. 

1S5urg., Gynec. and Obst., vol. xxv, 1917, p. 77. 
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Whipple and St. John have used and secured by the following method 
splendid results: 

Position of Forearm.—According to the site of the fracture and the 
presence of overriding of fragments the following position is used: 

If the fracture is in the wpper third of the forearm, supination and flex- 
ion of the elbow to a little beyond a right angle (that is, in acute flexion). 
In any other part of the shaft midpronation and supination and flexion of 
the elbow to a little beyond a right angle is desirable. 

If the fracture is in the upper third and the arm is to be put up in 
supination and flexion it can be done easily by a circular plaster of Paris 
bandage splint. 

If the fracture is elsewhere in the shafts of these two bones the “sugar- 
tong” plaster of Paris splint is to be used. This sugar-tong splint (Fig. 
843) prevents rotation of the forearm, keeps the flexed elbow under con- 
trol, permits of lateral pressure being exerted if necessary during the first 
two weeks when the process of repair is young. 

Method of making the sugar-tong splint (Whipple and St. John): 


A strip of Canton flannel is cut equal in length to the distance from the metacarpo- 
phalangeal joints on the palm of the hand around the forearm, including the elbow to the 
knuckles. This measurement is taken with the elbow at a right angle and including the epi- 
condyles of the humerus. 

Plaster of Paris bandage is rolled into a strip 1 inch shorter than the flannel strip. The 
plaster strip is then laid over the dry Canton flannel strip, leaving the flannel side out to 
come in contact with the skin of the patient. 

The splint is then applied to the forearm, after reduction of the fracture, with the fore- 
arm held in semipronation and supination, and with the elbow held at slightly less than a 
right angle. 

The splint is then bandaged snugly to the forearm while the plaster is still soft and it 
is left bandaged in this way for fifteen or twenty minutes until the plaster is set and hardened, 
when the bandage is cut down and a looser bandage is applied. 

The forearm is then supported in a sling and after a record roentgenogram is made the 
patient is sent home to report always the next day or immediately if he has pain or there is 
swelling or numbness of the hand or fingers. The splint should not interfere with the patient’s 
ability to make a fist. 

Tight bandaging cannot be guarded against too carefully. 


This “sugar-tong” splint (Fig. 843) suggests the equally useful Stimson 
plaster of Paris strip splint used in fractures of the leg near and at the 
ankle joint. 

The after-treatment of fracture of the forearm using the “sugar-tong” 
splint: The patient should be seen daily for the first three or four days. 
The two parts of the splint are removable. Massage and moving fingers 
are possible immediately. The forearm is allowed to rest in one part of the 
splint while access is had to the arm after displacing the other part of the 
splint. 

During the second and third weeks carefully guarded active and passive 
movements are instituted. The splint should be used four or five weeks if 
there was a complete fracture. The arm should be supported by a bandage 
or sling for the security it affords until the patient has confidence in using 
the forearm freely and painlessly. 

The results of the above treatment in forearm fractures Justify its em- 
ployment under the conditions specified. 
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In 100 cases in children and young adults good anatomical and func- 
tional results were obtained in from 98 to 100 per cent of the group 
(Whipple and St. John). 

Complicated Displacements.—It is quite apparent that when there 
exists a somewhat complicated displacement of the four ends of the frag- 
ments it may be almost impossible to reduce these fractures by simple 
traction and manipulation and immediate rigid fixation. 

Magnuson’s method is here applicable. It is based on-the fundamental 
principle that traction and countertraction will overcome muscle pull on 
the fragments and that their reposition in appropriate positions will ac- 





Fig. 821—Method of making a hitch for Fig. 822.—Fracture of both bones of the 


holding the arm in traction on a fracture of _ forearm. Suspension treatment with traction. 
both bones of the forearm. (Magnuson.) Note arrangement of cross splints for hand and 


the attachment of traction adhesive plaster. 
(Magnuson.) 


complish the reduction (Fig. 820). Bed traction, with the suspension of 
the forearm and the elbow flexed to a right angle, will eliminate the sagging 
pull of gravity on radius and ulna, the biceps is relaxed, and its supinating 
and flexing effect on the upper fragment of the radius is eliminated. The 
traction at the wrist will help to align the fragments (Fig. 822). 

Countertraction may be increased beyond the weight of the upper ex- 
tremity by adding a weight to the upper arm. 

Magnuson’s method of controlling supination and pronation is effective 
and simple (Figs. 822-824). 

The extension is applied so the patient can move the hand freely, but 
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so that pronation and supination are under the control of the surgeon 
and not under the control of the patient. 

Two pieces of wooden lath or splint wood cut the right length serve as 
spreaders, and placed at the level of the metacarpophalangeal joints help 
to control supination and pronation of the distal fragments. 

The use of a circular plaster of Paris splint may be effective and con- 
venient in certain forearm fractures, provided, of course, that care be 
exercised not to compress the loose fragment ends together and provided 
the plaster be split and made a bivalve splint. It thus becomes a splint 
somewhat resembling the sugar-tong splint of Whipple and St. John. 





Fig. 823.—Fracture of both bones of the Fig. 824.—Fracture of both bones of the 


forearm. Note rope attached to laths to hold forearm. Anterior and posterior splints ap- 
forearm in any degree of pronation or supina- _ plied with broad strips of adhesive plaster to 
tion desirable. (Magnuson.) assist in holding fragments. (Magnuson.) 


In order to immobilize a fracture of the shaft of the radius not only 
must the fracture itself be held firmly, but the joint immediately above 
and below the seat of fracture must be immovably fixed. If the arm is 
seen immediately after the accident, and the soft parts are not evidently 
bruised, and there is little swelling, a plaster of Paris splint should be 
applied. It should extend from the axilla above to the metacarpophalan- 
geal joints below. The arm should be flexed to a right angle and the 
forearm semisupinated (thumb upward) (Fig. 830). 

Whether the forearm should be placed in full supination or in semi- 
pronation will depend upon where the fractures of the radius and ulna are 
located. Obviously, the movement of supination is the most useful move- 
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ment to be preserved. If the arm is placed in supination probably much 
of the movement of supination will remain after union of the fracture. 
In general if the fractures are in the upper third of the bones supination 
is the position to be used. If the fractures are in the lower two thirds 
the arm may best be held in semipronation. If placing the arm in supina- 
tion causes a great increase in the bony displacement, then that position 
which will assist in the maintenance of reduction should be used. A 
little potential movement in supination may have to be sacrificed in order 
to correct the bony deformity. If the bony deformity is corrected, then 
will follow the greatest possible amount of motion practicable. 
Precautions in Using the Plaster of Paris Splint—The forearm should 
be held in the corrected position by an assistant throughout the applica- 
tion of the plaster bandages. Two assistants will facilitate the putting on 
of the plaster. The forearm and upper arm should be thinly covered with 





Fig. 825.—Fracture of radius. Little apparent Fig. 826.—Fracture of shaft of radius. 
displacement. Lateral view of Fig. 825. Real displacement 
seen in this view. 


one layer of sheet wadding; cotton wadding should not be used. No salt 
should be used in the water in which the plaster bandages are dipped. It 
will require about three or four bandages, 3 inches wide and 4 yards long, 
for an ordinary muscular adult arm. The plaster roller should be applied 
deliberately, evenly, and snugly from the metacarpophalangeal joints to 
the axilla. Great lateral compression of the arm will be avoided if the 
bandage is applied as directed. There will be insufficient compression to 
crowd the bones together and so produce deformity. Always split the 
plaster of Paris splint. 

After-care of the Plaster Splints——When the plaster has set firmly the 
assistant may place the forearm in a sling of comfortable height to support 
the arm. Inspection of the fingers will determine the condition of the 
circulation in the limb. It is always wise immediately to split an encircling 
plaster splint and thus avoid all danger of a too tight splint. 

The immediate splitting of the encircling plaster splint should be done 


COMPLICATED DISPLACEMENTS 689 


so as to bivalve the plaster case. The bivalving should be done so as to 
make either two splints, upper and lower, or two lateral splints. The type 
of bivalve will be determined by the seat of fracture, the character of the 
displacement of fragments, the completeness of the reduction, and the 
efficiency of the immobilization of the splint. 

If there is too great pressure, if the splint is too tight, a blueness will 
appear, indicating a sluggishness in the circulation. If this sign appears, 
the splint should immediately be split from axilla to hand by a knife. This 
will relieve the circulation. Ordinarily there is no difficulty of this sort. 
The patient should be seen each day for the first week after the dressing is 





Fig. 827.—Variations in the shape and width of the interosseous space between radius and 
ulna when the forearm is semipronated, supinated, and pronated. Semipronation presents the 
widest interosseous space. 


put on. Inquiry should be made for pain and throbbing in the arm and 
sleeplessness, which are evidences of too great pressure. If the arm is 
doing well, the splint should cause no discomfort. After one week the 
plaster splint should be removed. A roentgen-ray record should be made 
now, while the fragments can be without too great resistance relatively 
changed if necessary, for the swelling of the arm will have diminished and 
the splint will have become loosened. Unless this loosening is corrected, 
an opportunity for deformity to occur will then exist. Either a new plaster 
should be applied or the old splint, if suitable, should be reapplied and 
tightened by a bandage. If the splint is too large, it may be made smaller 
by removing a strip of plaster the entire length of the splint. The edges of 
Ab 
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the cut plaster should be bound with strips of adhesive plaster to prevent 
chafing of the skin and crumbling of the plaster. The position of the 
bones at the seat of fracture should be noted. The degree of movement 
possible at the seat of fracture should be noted. At the end of each week 
the splints should be removed. After about three weeks, when union is 
well advanced, the plaster splint may be cut off below and the upper part 
discarded, or a posterior splint of wood may be applied for lightness and 
convenience. . 

The Use of Anterior and Posterior Splints of Thin Wood, Well Padded. 
—If the force was a direct violence and there is injury to the soft parts, if 





Fig. 828.—Fracture of the forearm low down, or Colles’ fracture. Anterior and posterior splints, 
three straps, radial pad. Anterior splint cut out to fit thenar eminence. 





Fig 829.—Fracture of the forearm. Manner of holding arm and of applying the adhesive- 
plaster straps. Posterior splint of splint wood. 


the swelling is considerable and is likely to be greater, it will be best to use 
palmar and dorsal splints of wood upon the forearm and an internal right- 
angle splint at the elbow. The forearm is held in the position of semi- 
supination (Fig. 830). The maximum swelling occurs within the first 
forty-eight hours, barring, of course, inflammatory disturbances, which are 
not to be considered here. The splints should be of thin splint wood which 
is stiff enough not to yield to ordinary pressure. In width they should be 
4 inch wider than the forearm. The posterior splint should extend from 
just above the middle of the forearm to the metacarpophalangeal joints. 
The anterior splint should extend from the same point on the forearm to 
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the middle of the palm of the hand (Figs. 828, 829). The palmar splint 
is cut out on the thumb side, so as to avoid pressure on the thenar 
eminence. These two splints are padded with evenly folded sheet wadding 
no wider than the splints. About three or four thicknesses of the sheet 
wadding will be necessary. The posterior splint is padded alike through- 
out its whole extent. The anterior splint is so padded as to conform to the 
irregularities of the anterior surface of the forearm, particularly at the 
radial side near the wrist. The internal right-angle splint is padded 
evenly with four thicknesses of sheet wadding. It overlaps the wooden 
splints and extends up to the axilla. It immobilizes the elbow joint. 

The Application of the Wooden Splints—The forearm is held flexed at 
a right angle and semisupinated (Fig. 829) and steadied by an assistant. 
The posterior and then the anterior splints are applied to the forearm. 





Fig. 830.—Fracture of both bones of the forearm. Proper position of arm in sling. Note hand 
is unsupported by sling, and arm rests on ulnar side. Notice height of arm. 


Three straps of adhesive plaster, 2 inches broad, are then applied, one at 
the upper ends of the splints, one at the wrist, and the third across the 
palm of the hand and around the posterior splint only. These straps 
should simply steady the splints snugly in position (Fig. 829). The 
bandage is next applied, and it is by this that pressure is exerted upon the 
arm. There should be some spring left upon pressing the splints together 
after the bandage is applied. If there is none remaining, too great pres- 
sure will be made on the arm and the circulation will be interfered with. 
The arm is placed in a sling of comfortable height (Fig. 830). 

If the fracture of the forearm is above the middle of the bones, the tin 
internal or anterior right-angle splint should be used to immobilize the 
elbow joint. This should be applied after the wooden splints are in place 
and while the arm is semisupinated. A bandage is then placed over both 
wooden and tin splints (Figs. 835, 838, 842). 


692 FRACTURES OF THE BONES OF THE FOREARM 


Certain fractures, it is not always easy to state which, of both bones of 
the forearm are best reduced and held with the elbow in complete or al- 








Fig. 831.—Fracture of both bones. Child Fig. 832.—Result after reduction by leverage 
four years old. Note lateral displacement of through small incisions. (Dodd.) 
radius and overriding of fragments. (Dodd.) 





Fig. 833.—Fracture of the forearm, both Fig. 834.—Result after reduction by leverage 
bones. Note anterior posterior displacement through small incisions. (Dodd.) 
and shattering due to overlapping of fragments. 


(Dodd.) 


most complete extension. At the time of reduction under an anesthetic it 
can be determined if the completely extended or straight position is desir- 
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able. A few fractures of both bones of the forearm are best retained after 
reduction in flexion less than a right angle. 








_ Fig. 835.—Fracture of both bones of the forearm. Ulnar view of the anterior and posterior 
a Note length of splints and position of straps. Straps of the internal right angle splint, 
and 4. 





Fig. 836.—Method of using a modified Thomas traction arm splint for the ambulatory 
treatment of fractures of the forearm. For sake of clearness the bars of the splint have been 
drawn straight, but in practice it is better to separate them opposite to the hand. The splint 
is supported by slings in the conventional manner and not exactly as depicted, as the sling passes 
on the outside of the splint and supporting bands. Countertraction is furnished by the bands 
about the splint and arm, and traction as shown by the Spanish windlass or by elastics. (Blake.) 


After-care of Wooden and Tin Splints—The patient should be seen 
every day for two or three days after the fracture. The splints should be 
readjusted and applied more snugly by a fresh bandage. The comfort of 
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the patient should be considered; any complaint on the part of a sensible 
individual should be inquired into. If the apparatus is applied with the 
bones in approximately normal position there should be no subsequent 
discomfort. All splints should be removed at least twice a week through- 
out active treatment, and the presence of deformity noted and corrected. 
After the first week and a half, the swelling having subsided, it is often 
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Fig. 837.—Method of attaching glued bands to forearm for traction or suspension. Tape 
is sewed to the bands, which may be made of Canton flannel or several thicknesses of gauze. 


(Blake.) 





advantageous to apply in place of these splints of wood the plaster of Paris 
splint, which has been described. 

It may be necessary, especially in compound fractures of the forearm, 
even though displacement of fragments is at a minimum, to apply traction 
and countertraction as well as suspension of the forearm. 





_ Fig. 838.—Fracture of the bones of forearm. Forearm supinated. Anterior and posterior 
splints and tin internal or anterior right-angular splints. 1 and 2, Straps holding anterior and 
posterior splints; 3, 4, and 5, straps holding internal right-angle splint. 


This may be efficiently accomplished by the method shown in Fig. 836, 
in which a modified Thomas splint is employed with glove extension, if 
simple retention is sought. The ordinary adhesive tape may be used 
instead of the glove for traction (Fig. 837). The Van der Veld and Sin- 


clair splints for fractures of the forearm are satisfactory if traction is 
unnecessary. 
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_ When it is necessary to use a molded plaster splint for the immobiliza- 
tion of a fracture in the upper third of the forearm, when the elbow is to 





Fig. 839.—Molded plaster of Paris splint useful in reduced fracture of both bones of forearm. 
(Withington.) 





Fig. 840.—Molded plaster of Paris splint. (Withington.) 





Fig. 841.—Posterior view of molded plaster of Paris splint. (Withington.) 


be held fixed at a right angle, this effective and ingenious use of plaster by 
Dr. Paul Withington appeals to me as desirable (Figs. 839-841). 


696 FRACTURES OF THE BONES OF THE FOREARM 


Fracture of the head and neck of the radius and fracture of the coro- 
noid process of the ulna should be treated by the internal or anterior right- 
angle splint with the forearm semipronated, that is, with the thumb up 
(Fig. 842) or in the flexed position. 

Fracture of the shaft of the radius, if above the middle of the bone, 
should be treated by the anterior and posterior wooden splints and the 
internal right-angle splint. If below the middle of the bone, the internal 
right-angle splint may be omitted, although it may be well to retain it in 
most instances. If the fracture is in the upper third of the bone, it may 
be impossible to correct the deformity without suturing the fragments 
together. It may be possible to approximate the fragments by putting 
the forearm in a position of semipronation. No special splint is necessary 
to maintain this position; the two wooden anterior and posterior splints 
and the tin internal or anterior right-angle splint fulfil all the indications. 





Fig. 842.—Fracture of both bones of the forearm. Anterior and posterior splints and tin 
internal right-angle splint immobilizing elbow joint. Note arm in semipronation, “thumb up’’; 
position of straps; padding of internal right-angle splint. 


Fracture of the radial shaft alone may often require reposition through an 
incision. In most cases operated upon retention of the replaced fragment 
will be wise by a suture, absorbable or not, or a plate or screw. 

Fracture of the lower end of the radius may be associated with fracture 
of the lower end of the ulna, with separation of the inferior radio-ulnar 
articulation, with a displacement of the lower end of the ulna. Under 
these associated conditions it will be difficult to hold both fragments re- 
duced without open reduction. Homans and J. A. Smith call attention 
to these conditions, and I agree that operative treatment is the best initial 
treatment. 

Separation of the lower radial epiphysis is treated by anterior and 
posterior splints like those used in the treatment of a Colles fracture (Fig. 
934), or in the flexed wrist position (see Chapter VI). 

Fractures of the shaft of the ulna should be treated so as to restore the 
shaft of the ulna to its normal anatomy. The ulna is the important bone 
of the forearm. 
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In fracture through the upper third of the ulnar shaft the upper frag- 
ment is slightly flexed by the action of the brachialis anticus and swings 
away from the midline, diminishing the carrying angle. Consequently, the 
relations of the sigmoid cavity are changed, so that if union occurs in this 





Fig. 843.—a, Plaster strip with one edge of the flannel turned over; b, the splint applied to 
the forearm; elbow is seen in flexion and forearm in midsupination; ¢ and d, the splint removed. 
The narrow ulnar side of the arm is noticeable as compared with the broader radial side. (Whipple.) 


displaced position of the upper fragment, flexion of the elbow will be mate- 
rially impaired (Cohn). 

The splint made by applying a plaster strip to cover the arm on two 
sides, as seen in Fig. 843, passing as a loop behind the elbow, is at times 


useful—the “sugar-tong” splint. 
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Proper 


Fig. 844.—Application of sling. 
position of triangular bandage in first step: 2 
is carried over right shoulder; 1 drops over left 
shoulder; 1 and 2 are fastened behind the neck; 
3 is brought forward and pinned, as shown in 
Fig. 845. 





| 


Fig. 846.—Fracture of radial shaft. 
impaction on palmar surface of the shaft. 


Slight 
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Final 


Fig. 845.—Application of sling. 
position of arm. Two ends tied behind neck 
and the third end pinned. 





| 


Fig. 847.—Fracture of radial shaft. Note 
bending with impaction on palmar surface. 





Fig. 848.—Anteroposterior _roentgeno- 
gram: Linear fracture of radial shaft without 
displacement. (Arial George.) 





Fig. 850.—Fracture of the shaft of the 
ulna below its middle. Note that the lower 
fragment is drawn to the radial side of the fore- 
arm by the pronator quadratus muscle. Note 
muscles brachioradialis, flexor carpi ulnaris, 
pronator radii teres. (After Davis-Piotti.) 





Fig. 849.—Lateral roentgenogram of same 


case as Fig. 848. Note situation of fracture 
line. No displacement. (Arial George.) 
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Fig. 851.—Fracture of the shaft of the 
radius below insertion of pronator radii teres 
muscle. Note displacement of the upper 
fragment forward. Note muscles brachio- 
radialis, pronator quadratus, pronator -radii 
teres, biceps. (After Davis-Piotti.) 
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How long should splints be kept on in fractures of the forearm? Until 
union is firm enough between the fragments so that firm pressure does not 
cause motion at the seats of fracture. When the fracture is firm, ordinarily 
after about two weeks and a half, the anterior and internal angular splints 
may be omitted, the posterior splint alone being left in place. If the pos- 
terior splint of wood is used, a broad (4-inch) strap of adhesive plaster, in 
addition to the two ordinary straps at each end of the splint, should be 
placed at the seat of fracture and a gauze bandage applied over all. At the 
end of the fourth or fifth week all splints should be omitted. Continual 
watchfulness is demanded in order that bowing at the seat of fracture 
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Fig. 852.—Showing fracture of radius occurring between the pronators and supinators. 
Upper fragment supinated, fragment pronated. (Magnuson, “Fractures,” J. B. Lippincott Co., 
Publishers.) 


may not take place. The application of the sling after omission of splints 
should be carefully made so as to avoid backward bowing of the bones. A 
laboring man should not go to work for at least from four to six weeks 
after leaving off splints. A return to work too early causes bowing of the 
fracture and pain in the arm. 

Massage and passive motion should be employed as soon as union is 
firm and the anterior and internal angular splints can be removed without 
allowing displacement. Massage may be given at first without removing 
the arm from the splint. Convalescence will proceed more rapidly in con- 
sequence of massage. 
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A review of 377 fractures of the forearm shows that there is a certain 
definite group of these fractures that could not be reduced by ordinary 
methods of reduction, on which rather extensive open operative procedures 
would be indicated (46 out of 377 fractures) but which were reduced by 
the technic of direct leverage with results equal to those nonproblem frac- 
tures in which only simple reduction methods were adequate (Thomson) . 


DIRECT LEVERAGE OF FRAGMENT 


Type of Case in Which J. E. M. Thomson! Employs Direct Leverage of 
Fragments of a Fracture of the Forearm.—Direct leverage, for the reduc- 
tion of fractures of the forearm, is indicated and recommended under the 
following circumstances: 





Fig. 853.—Direct leverage as performed with a head fluoroscope and shock proof 2-ray unit. 
The type of lever used is an ordinary dental chisel or straight dental instrument with a blunt 
point. Often we have cut off the ends of certain dental instruments for this purpose. The lever 
is inserted between the fragments and carried through the arc necessary to reduce the fragments. 
The arm may be rotated from the anterior-posterior to the lateral position to verify the result. 
This operation may be carried out with any type of fluoroscopic equipment. Our work at the 
hospital is done entirely in a dark room. (Thomson.) 


1. Direct leverage is never attempted until the ordinary methods of 
manipulation and traction have failed to bring satisfactory reduction of 
the fractured fragments. 

2. It is indicated and recommended in all fractures in which open 
operation is indicated, with perhaps the exception of those in which the 
fragments are severely comminuted or in compound fractures. 

3. It is particularly adaptable when one bone, either the radius or the 
ulna, is fractured and difficult to reduce. 

4. When both bones are fractured and one is a greenstick and the other 
is overriding, direct leverage of the overriding fragments will usually reduce 
this fracture without danger of completing the greenstick. 

5. In fractures of both bones in which one fracture is reduced and the 


1 Jour. of Bone and Joint Surgery, Vol. XVIII, April, 1936. 
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other is overriding, direct leverage of the overriding fracture can usually 
be applied without loss of position in the other reduced fracture. 


A 





Fig. 854.—A fracture of the radius and ulna at different levels; the fracture of the ulna re- 
duced, the radius overriding after attempted reduction. A, Represents the position of the lever 
at the beginning of reduction. The end of the lever is against the upper fragment and the shaft 
of the lever is against the lower fragment. The lever is carried through the arc, as indicated by 
the arrow line, overcoming the overriding and depressing and lifting the upper and lower frag- 
ments into apposition. B, The position of the lever after being carried through the arc necessary 
to bring about reduction. 








Fig. 855.—Compound fracture and dislocation at the wrist. Hand saved. 


6. When, by the help of traction, full length of the fragments can be 
obtained but apposition and alignment are difficult, the application of 
direct leverage technic to the fragments will usually bring the desired 
anatomical position. 


PROGNOSIS AND RESULT OF TREATMENT 703 


When will the arm be restored to normal usefulness? It is impossible 
to answer this question accurately. The conditions in each individual 
instance of fracture are so variable that no general statement can be made 
that will more than indicate the probable time of convalescence. It may 
be fairly stated that in an uncomplicated fracture of both bones of the 





Fig. 856.—Transverse fracture of the radius Fig. 857.—Transverse subperiosteal frac- 
and ulna with slight displacement. ture of both radial and ulnar shafts. No 
lateral gross deformity. 





Fig. 858 —Transverse fracture of radius, subperiosteal. 


forearm the arm will be useful for working in from two to three months 


from the time of fracture. 

Prognosis and Result of Treatment.—Results of the method of Whipple 
and St. John should be consulted. There may be some limitation of su- 
pination and pronation immediately after the splints are removed. As the 
callus diminishes and with persistent movements of the arm in ordinary 
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use this limitation should diminish, and in most instances entirely disap- 
pear. If the fracture is in the upper or lower thirds of the bones the 
limitation of motion will often be greater than when the fracture is at 
the middle of the bones. The interosseous space is greatest at the middle 
of the shafts (Fig. 827); consequently, callus at this point is less likely to 
impair motion of the forearm. The arm should be straight. Movements 
of the wrist and elbow should be perfectly normal. 

Treatment of Greenstick or Incomplete Fracture of the Bones of the 
Forearm.—It is impossible to maintain the correction of the deformity if 
the bones are simply bent back into position. Even with the greatest care 
in the use of pads and pressure the deformity will in part reappear. It is 
necessary, therefore, to administer an anesthetic and to make a complete 





Fig. 859.—Old ununited fracture of the radius. Note the space between the fragments, the 
abduction of the whole hand, the shortening of the radial side of the arm, the atrophy and thin- 
ning of the bone of the carpus, and the two radial fragments as indicated by the light shadow of 
these parts. 


fracture of the greenstick fracture. This done, the arm is set as in a com- 
plete fracture. The best method of refracturing the greenstick fracture is 
to bend the arm with the two hands in the direction of the original force. 

The anterior and posterior wooden splints may be used with satisfac- 
tion. Ordinarily, the plaster of Paris splint as applied in complete frac- 
tures is the best apparatus. Union in children after fracture is more rapid 
than in adults. At the end of two weeks union will be found firm. It is 
well not to omit all apparatus in a child until four weeks have passed. If 
great caution is needed on account of an extremely active child, the pos- 
terior wooden splint should be kept on during the fifth week. 

Summary of the Treatment of Fracture of the Shafts of the Radius and 
Ulna.—Fracture of the shafts of the radium and ulna without displacement 
should be held adequately steadied until union occurs. 
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Fractures of the radial shaft alone will often require operation, direct 
reposition, and absolute internal fixation. 

Fractures of the ulna alone are rarely displaced. 

Fractures of the shafts of both bones always present difficult problems. 

It is important that the shaft of each broken bone be restored as per- 
fectly as possible. 

If there is no bony approximation of the ends of the fragments and 
there are four fragments, or at least not enough approximation to afford 
rigidity of the fracture so as to keep the muscles under their normal stretch, 
the muscles will continue to contract until a point of resistance is reached 
which counterbalances their tone. 

Fracture of both bones of the forearm should be immediately reduced 
under a general anesthetic with traction and countertraction and manual 
manipulation. If this procedure is successful, the Whipple-St. John (Fig. 
843) “tong” plaster splint or the two wooden splints should be applied. 

If there is difficulty in the reduction of the fracture of both bones of 
the forearm by the above method, bed traction and suspension (Blake- 
Magnuson) may be used (Fig. 820). 

If neither of the above methods is successful or if neither method is 
applicable, then the direct open operative method will prove effective. 


FRACTURES OF THE OLECRANON 


The normal anatomic relations of the olecranon should be kept con- 
stantly in mind. The insertion of the brachialis anticus muscle is into the 


Head of radius — 


Lower end of humerus 





Sigmoid fossa of ulna Olecranon process 


Fig. 860.—Note the great sigmoid cavity and its relation to the olecranon process of the ulna. 
Almost all fractures of the olecranon are intra-articular. 


front and lower part or base of the coronoid process of the ulna. The in- 
sertion of the triceps muscle is into the posterior part of the upper surface 
of the olecranon and into the fascia of the posterior surface of the forearm. 
The small epiphysis of the olecranon unites to the shaft about the sixteenth 
year. A direct blow upon the olecranon together with violent muscular 


45 
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contraction of the triceps will produce the fracture. The fracture is usu- 
ally transverse. A complete transverse fracture of the olecranon always 


os 








Fig. 862.—Olecranon process frac- 
ture. Note the pull through the contrac- 
tion of the triceps muscle upward. Note 

Fig. 861—Splintered fracture of olecranon the ulnar nerve, internal condyle of hu- 
without much displacement. (Massachusetts Gen- merus, triceps muscle, the external 
eral Hospital, 1536. «-Ray tracing.) condyle. (After Davis-Piotti.) 





Seat of fracture 


opens the elbow joint (Figs. 860, 862, 867). Some of the varieties of frac- 
ture of the olecranon are seen in the accompanying tracings of roentgen- 
ray plates (Figs. 861, 864, 865) and in the a-rays (Figs. 863, 868-870) . 





Fig. 863.—Roentgenogram of complete fracture of the olecranon process: Opening the elbow 
joint. (Arial George.) 


Symptoms.—Inability forcibly to extend the forearm, pain at the seat 
of fracture, and deformity, provided the fragment is separated from the 
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shaft of the ulna. A depression marks the separation. Very great separa- 
tion of the fragments is not often present. The interval between the frag- 
ments depends upon three conditions: The extent of the fascial laceration 
—if the laceration is moderate in extent, the interval between the frag- 


2 





Humerus 


Olecranon 


Ulnar shaft 
Fig. 864.—Fracture of olecranon: Separation of fragments upon flexing forearm. (x-Ray tracing.) 


ments will be slight; if the laceration is extensive, the interval between the 
fragments may be great; the position of the arm, whether flexed or ex- 
tended—if flexed, the separation will be greater than if extended (Figs. 866, 
867) ; the amount of synovial fluid and blood in the joint—the greater the 





Line of fracture 


Fig. 865.—Fracture of olecranon at about the epiphyseal line, without opening the elbow joint. 
(Massachusetts General Hospital, 1172. «-Ray tracing.) 


amount of fluid, the greater will be the separation of the fragments. The 
mobility of the fragments of the olecranon is determined by grasping the 
olecranon firmly and attempting lateral motion. Crepitus may thus be 
elicited. The general swelling about the elbow will be considerable if 
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Fig. 866.—Fracture of tip of olecranon. Fig. 867—Fracture of olecranon. Note 
No displacement of fragment in extended po- separation of fragments in flexed position of 
sition of forearm. forearm. 








Fig. 868.—Common fracture of olecranon. Note situation and direction of fracture. 





Fig. 869.—Fracture of the shaft of the ulna extending backward into the joint. An unusual type 
of ulnar fracture. 
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the traumatism was severe. There exists a traumatic synovitis of the 


elbow joint. 
Treatment.—lIf there is considerable swelling of the elbow, and if the 
arm is large and muscular, it is not wise to rest the arm for a few days 


Praclir 





Fig. 870.—A comminuted fracture of the olecranon. A rather uncommon type of fracture. 





Fig. 871.—Fracture of the olecranon. Arm in extension. Long anterior splint. Note pad and 
strap above olecranon fragment; pad in palm of hand. 


upon an internal right-angle splint before putting it up permanently. The 
swelling will disappear most rapidly after reduction of the fragment. If 
there is little or no separation of the fragments in the right-angle position, 
the arm may be kept at a right angle. This is doubtless the most com- 
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fortable position, and, under these conditions, certainly is effective. If 
there is too great separation for the use of the right-angle position (4% 
inch or more), the arm should be extended and this position maintained by 
a long internal splint (Fig. 871). This splint, made of splint wood, should 
be the width of the arm, and should reach from the anterior axillary mar- 
gin to the tips of the fingers. This is well padded with sheet wadding at 
the bend of the elbow (Fig. 872). The contiguous skin surfaces of the 
fingers are protected from chafing by strips of gauze or compress cloth 
placed between them, and a pad is put in the palm for comfort (Fig. 873). 





Fig. 873.—Fracture of ole- 
cranon. Bandage applied to the 
same case as shown in Figs. 871, 

Fig. 872.—Fracture of olecranon. Arm in extension; 872. Note protection of fingers 
upper and lower straps; oblique olecranon strap; padding of from chafing by compress cloth 
splint. and bandaging of hand. 


The splint is held in position by four straps of adhesive plaster, one placed 
at either end of the splint and one above and below the elbow joint. The 
upper or loose fragment is pushed down toward the shaft of the ulna, and 
held in place by a strap of adhesive plaster carried around the upper side 
of the olecranon fragment and fastened to the splint lower down. Sheet 
wadding and gauze roller bandages applied from the fingers to the axilla 
afford comfort and prevent undue swelling of the hand. Should the 
separation be so great that reduction of the fragment is unsatisfactory, an 
incision and suture should be made (Fig. 876). 


FRACTURES OF THE OLECRANON 711 


Treatment if the Fracture is Open—The wound should, if necessary, 
be enlarged to permit of easy inspection of the joint surface. The joint 
should be thoroughly irrigated with boiled water. The wound of the soft 
parts, enlarged if necessary, should be débrided, very thoroughly cleansed 





Fig. 874.—Showing active motion possible on the tenth day after operation for fracture of the 
olecranon. (Hawley’s case.) 


by scrubbing with gauze wet with ether and alcohol, 70 per cent, and then 
the fragment of the olecranon sutured to the shaft. 

The After-care—lIf the arm has been put up temporarily at a right 
angle or at an obtuse angle to await the subsidence of the swelling, which 
will be rarely necessary, gentle massage and firm bandaging of the arm, 





Fig. 875.—Showing active motion possible following fracture of the olecranon with immediate 
wire suture on the tenth day after operation. (Hawley’s case.) 


twice daily, until the swelling subsides sufficiently for a more permanent 
dressing, will be of very great service. The arm should be inspected each 
day for the first week. Daily massage should be continued not only to 
the joint region, but to the forearm and upper arm as well. The straps 
and bandages should be reapplied as they become too tight or are loosened 
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by the disappearance of the swelling. After about two weeks the position 
of the forearm may be cautiously changed. The small fragment of the 





Fig. 876.—Fracture of the olecranon by a fall on the ie a-Ray taken before operation. (Haw- 
ley’s case. 





Fig. 877.—A wire mattress suture placed so as to approximate the olecranon fragment to the 
shaft. Note close approximation held by suture. z-Ray three weeks after operation. Note 
rapid repair. (Hawley’s case.) 


olecranon should be held fixed by the fingers during the manipulation. If 
the arm is in the extended position, it should be gradually actively and 
voluntarily flexed some 5 or 10 degrees, and returned to the extended 
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position. If the arm is already at a right angle, it should be gradually 
actively extended, at first a few degrees only, and returned to the right- 
angle position. No pain should be experienced in the active movement. 
Painful passive motion is harmful. After a few days of these gentle active 





Fig. 878.—Fracture of olecranon. x-Ray after removal of wire suture three weeks after 


operation. Note complete and practically perfect approximation and repair of the fracture. 
(Hawley’s case.) 


motions it will be wise to alter the angle of the splint so that the arm may 
rest in the changed position permanently. After about four or five weeks 
all splints should be omitted. A bandage should be worn after the removal 
of the splints to afford a feeling of support to the elbow. 





Ba 


Figs. 879, 880.—Fracture of the olecranon. Wire suture used. Active motion after six weeks. 
Photographs taken at the factory after return of patient to work. (Hawley’s case.) 


Union of the fragments usually takes place in from three to four weeks. 
After six weeks to three months the movements of the elbow joint should 
be normal. There may remain as a permanent condition slight limitation 
of extension. The functional usefulness of the elbow depends more upon 
the approximation of the fragments and less upon the kind of union be- 
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tween them. Following nonoperative treatment the union between the 
fragments is more often ligamentous than bony. The short fibrous union 
if of good width—i. e., if it covers the whole of the broken surface—may be 
as efficient as a bony union. A ligamentous union accompanied by great 
disability in the functional usefulness of the arm should be excised and 
the bony fragment sutured to the shaft. Suturing of the periosteum and 





Fig. 881—Compound fracture of the olecranon process and the ulna shaft. Note method 
of suspending forearm—Carrel-Dakin treatment in use. Note container, delivery tubes; partly 
covered wound. Note that the position of the upper extremity is not materially disturbed or 
altered by this method of suspension when the dressing is changed. See Fig. 882. (Leland.) 


fibrous tissue about the fragments may prove almost as satisfactory in 
certain cases as suturing the bone with wire. 

Close approximation of the fragment to the ulna shaft should be at- 
tempted. Bony union is highly desirable and will be secured just in pro- 
portion as the approximation is complete. Hawley reports splendid results 
by wire suture and early active motion (Figs. 875, 876, 880). 

Operative Treatment.—The ideal result will be bony union, a perfect 
joint surface, perfect motion in flexion and extension. I believe that the 
likelihood of attaining this ideal result will be best approached if the oper- 
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ative treatment by suture is used. Operation should be done in cases of 
wide separation where no contraindications to operation exist. 

Posttraumatic Painful Osteoporosis—Some patients long after a severe 
injury or a fracture has had an opportunity to heal have great disability. 
The extremity appears swollen, the skin of the part is red and smooth- 
looking, there is stiffness of the joint involved and there is severe aching 
pain in the joint. 





Fig. 882.—Same as Fig. 881. Compound fracture of the olecranon process and the ulna 
shaft. Note method of suspension and moderate traction in forearm; grip for hand; suspension 
of upper arm; use of Carrel-Dakin treatment. Note container and rubber delivery tube and bulky 
dressing outside the inner dressing. (Leland.) 


L. G. Hermann describes as follows the common type of this difficulty: 
“A very common clinical form of true osteoporosis is frequently seen after 
fractures of the bones of the wrist or ankle which have been properly 
reduced. After the removal of the bandage or cast at the end of two or 
three weeks, the extremity is found to be swollen and discolored. Slight 
active or passive motion of the joint causes the patient great pain. 
Mechanotherapy, baking and massage make the pain more severe and 
the loss of function of the extremity continues to become worse.... Inten- 
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sive diathermy does not alter the course of the disturbance. Undoubtedly 
many of the milder forms of true osteoporosis heal spontaneously and give 
no permanent disturbance of function.” 

The vasomotor disturbances and the pain frequently disappear. In 
the untreated cases the recovery of function requires many years and 
ankylosis of the bones of the carpus or tarsus result. 

The roentgenological appearances in the evolution of the disease Sudeck 
and Hermann describe as an acute form, (a) a mottled appearance of 
the bones due to irregular rarefied areas in the spongiosa, and the chronic 
form, (b) the trabeculae of the bones are very fine and difficult to recog- 
nize. There is a general loss of mineral salts. The patchy areas of rare- 
faction have largely disappeared. 

The treatment of true osteoporosis has been largely symptomatic and 
preventative and not curative. Accurate reduction of the fracture, ade- 
quate immobilization with earliest possible movement of the neighboring 
joints, massage, and ambulatory plaster splints (Gurd). Under this treat- 
ment the course of the disease was only slightly shortened and the unpleas- 
ant sequelae were about as frequent as when the process was untreated. 
Heyman used periarterial sympathectomy (1924). Hermann believes that 
it is the interference with the trophic reflexes that course along the fibers 
in the adventitia that accounts for the beneficial results after periarterial 
sympathectomy. If this operation is done in the initial stages us the dis- 
ease the beneficial response is immediate. 

These cases are most commonly seen following fractures of the bones of 
the wrist and ankle. These cases show muscular atrophy, cyanosis of the 
extremity, marked edema and thinning of the skin—a “glossy skin” ap- 
pearance. Operations upon the sympathetic nervous system offer a 
rational and effective treatment for this troublesome disease entity. 


COLLES’ FRACTURE 


A fracture of the lower end of the radius within about 34 to 1 inch 
of the articular surface is common in adults but is unusual in childhood. 
A fall upon the outstretched and extended hand is the most frequent cause. 





Fig. 883.—Method of examination in a case of injury to the lower end of the radius. Grasping 
the radius above and below the probable seat of fracture. 


Since the introduction of the gasoline engine a new cause for fracture 
exists. The starting of a gasoline engine by turning a handle connected 
with the flywheel may be the occasion of a violent twist of the hand 


COLLES’ FRACTURE WANG 


Ulna Radius 


Epiphyseal line 
Tip of ulnar styloid 
Tip of radial styloid 





Fig. 884.—Supination. Compare with Fig. 886. Note the relative positions of styloid processes 
of ulna and radius. The two styloids are palpated in this position. 


Head of ulna 


Tip of styloid of radius 





Fig. 885.—Pronation. Compare Fig. 887. Note that palpating fingers fee] styloid of radius 
and head of ulna. 
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backward. The force causes a clean, transverse fracture of the lower end 
of the radius, close to the joint, and without impaction. 

Anatomy.—In a case of traumatism to the wrist the normal anatomic 
relations should be studied upon the uninjured wrist, and then a careful 





A 


Fig. 886—Method of examination of Fig. 887—Method of examination of 
wrist. Note supination of forearm; position of | wrist. Note pronation of forearm; position of 
examining hands and fingers; palpation of the examining hands and fingers; palpation of 
styloid process of the radius and the head of the _ styloid processes of radius and ulna. The 
ulna. The radial styloid is seen to be lower _ styloid of the radius is lower than the styloid 
than the head of the ulna. Compare with Fig. of the ulna. Compare with Fig. 885. 


wes 


884. 








Fig. 888.—A “reversed Colles’ ”’ fracture. Fig. 889.—A Colles’ fracture. Injury to 
Arrow points to the site of fracture. Note that the styloid process of the ulna. Arrows point 
the displacement of the upper end of the lower __ to sites of fracture. Note the comminution of 
fragment is backward. the radius. 


examination made of the injury. The normal wrist should be looked at 
from the front and back and from each side with the hand supinated. An- 
teriorly, the base of the thenar eminence is lower than that of the hypo- 
thenar eminence. Posteriorly, on the inner side, the styloid process of the 
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ulna is visible with the marked depression below it. Laterally, on the 
radial side, is seen the curve backward on the anterior surface of the 
radius where the base of the styloid process of the radius joins the shaft. 
Laterally, upon the ulnar side, are seen not only the styloid of the ulna 
and its associated depression, but the hollow above the prominence of the 
hypothenar eminence. 

The normal wrist should be felt with the hand both in supination and 
pronation. With the hand supinated (Figs. 884, 886) the tip of the styloid 





Fig. 890.—Colles’ fracture. Characteristic appearance. Note backward displacement of the 
hand and wrist. Palmar prominence. 


process of the radius is found to be lower (nearer the hand) than the head 
of the ulna. With the hand in pronation (Figs. 885, 887) the tip of the 
styloid process of the radius is found to be a little lower (nearer the hand) 
than the tip of the styloid process of the ulna. To ascertain the relative 
position of the styloid processes the injured wrist should be grasped by 
the two hands and the styloid felt by the tips of the forefingers. The 





Fig. 891.—Colles’ fracture, radial side. Fig. 892.—Colles’ fracture, ulnar side. 
Marked crease at base of thumb. Dorsal and Absence of ulna on the dorsum of the wrist; 
palmar prominences. presence anteriorly. Marked crease in front of 

displaced ulna. Dorsal prominence marked. 


styloid process of the radius and the shaft immediately above it should be 
carefully palpated to determine the extreme thinness of the bone above 
the thick styloid process (Fig. 883). The width of the wrist between the 
styloid processes should be measured by means of a tape or, better, by a 
pair of calipers. 

The movements of the normal wrist and forearm should be carefully 
observed. Pronation and supination of the forearm and flexion, extension, 
abduction, and adduction of the hand should be carefully performed. 
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These simple observations quickly made upon the normal wrist enable one 
to establish a standard for comparison with the injured wrist. In every 
case in which there is a question of fracture the examination should be 
made by means of an anesthetic. If for sufficient reason complete anes- 





Fig. 893.—Colles’ frac- Fig. 894—Colles’ frac- Fig. 895.—Colles’ frac- 
ture, anterior bulging of ture. The dorsal prominence ture. Hand carried to radial 
flexor tendons; absence of is not uncommonly seen after side. Prominent ulna an- 
dorsal prominence of head of recovery from fracture of the teriorly. Thenar eminence 
ulna. radius when the displaced lower than normal. 


bones have been but partially 
reduced. Slight lateral de- 
formity. 


thesia is contraindicated, primary anesthesia will prove to be sufficient. 
In the larger proportion of cases of Colles’ fracture primary anesthesia 
will be satisfactory for both the examination and the first dressing of the 
fracture. 





Fig. 896.—Distal end of ulna and radius in pronation (left) and supination (right). Note the 
arc of motion of the radius about the ulnar head. The point of attachment of the discus articularis 
(x) is at the center of the circle of which the arc forms a part. From this point the fibers of the 
ligament fan out radially to attach to the edge of the sigmoid cavity, as shown by the dotted lines. 
(Taylor and Parsons.) 


The Role of the Discus Articularis in Colles’ Fracture..—The function 
of pronation and supination of the forearm is of enormous importance, 
and its loss or impairment causes grave disability. The ulna plays a purely 
passive role in this motion, serving as a fixed point about which the radius 


1 Taylor, Grantley W., and Parsons, C. Langdon: Jour. Bone and Joint Surgery, Vol. 
XX, No. 1, pp. 149-152, January, 1938. 
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moves. The proximal and distal radio-ulnar joints which are concerned 
not only must permit the full range of motion, but also must maintain the 
bones in secure apposition throughout this range. Proximally this pur- 
pose is served by the cylindrical end of the radius securely held to the 
ulna by the annular ligament which is attached to the anterior and poste- 
rior margins of the lesser sigmoid articular concavity. At the distal end, 
the roughly quadrilateral radius presents on its mesial aspect a smooth 
concave surface for articulation with the ulna. The ulna presents a cylin- 
drical articular surface for about two thirds of its circumference (Fig. 
896). This articulates smoothly with the lower end of the radius through- 
out the full range of its motion. The security of this joint is assured by 
the discus articularis, or triangular ligament. This structure lies between 
the head of the ulna and the proximal row of the carpus as a thick, fan- 
shaped, fibrocartilaginous plate, attached by its apex 

to the depression at the base of the ulnar styloid. 

From this point the fibers fan out to become at- 

tached to the curved sigmoid edge of the radius. It S 

should be noted that the sigmoid surface forms an 

arc facing medially and that the motion of the 

radius about the ulna follows the prolongation of 

this are. The locus of points equidistant from this 

arc—namely, the center of the circle of which the arc 


forms a part—is represented by the point of attach- 
ment of the discus articularis to the ulna (Fig. 896) . 
Thus in the normal wrist this ligament remains 
tense in any position of the joint. Other ligaments, 
notably the capsular ligaments and the ligaments of 
the wrist joint itself, undoubtedly strengthen the 
joint at various points of its motion, notably at the 
extremes, although obviously they must be lax 
enough to permit the full range of motion to take 
place. The discus articularis is unique in stabilizing 
the joint in any position whatsoever. The distal 
surface of the ulna is covered with articular car- 
tilage to permit the ligament to glide over it. The 
carpal surface of the ligament prolongs the articular 


Fig. 897.—Anteroposte- 
rior view of both bones at 
the wrist, showing the at- 
tachments of the discus 
articularis. Note that 
the fractures occurring 
through the base of the 
ulnar styloid or through 
the medial aspect of the 
radius permit loss of in- 
tegrity of the radio-ulnar 
joint. This may also oc- 
cur through rupture or 
avulsion of the ligament 
without an attached bone 
fragment. (Taylor and 
Parsons.) 


surface of the distal end of the radius for articulation with the proximal 


row of the carpus in the wrist joint. 


It is probable that the discus articularis suffers some damage in any 


injury severe enough to result in a 


fracture of the distal end of the radius. 


In most instances, the degree of injury to the ligament does not destroy its 


function of maintaining the integrity of the radio-ulnar joint. 
es, the ligament may be ruptured, or avulsed from its 


more severe fractur 


In certain 


attachment to the radius or ulna, with or without a fragment of bone (Fig. 


897) . 
ture is in large part 
which in turn depends 


It is our contention that the successful management of Colles’ frac- 
dependent on the integrity of the radio-ulnar joint, 
upon an intact discus articularis. In considering 


treatment, we find it helpful to divide our group of Colles’ fractures into 


two main classifications: 
1. Fractures with the discus articularis intact. 
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2. Fractures with loss of integrity of the radio-ulnar joint, due to: 
(a) Rupture of the ligament itself. 
(6) Avulsion of the ulnar styloid at its base. 
(c) Severe comminution of the lower end of the radius with the 
ligament attached to a loose minor medial fragment. 

In the first group, despite displacement, comminution, and impaction, 
the problem is a relatively simple one. The intact radio-ulnar joint serves 
as a fixed point around which to reconstruct the normal anatomy. In the 
second group, the distal fragment moves with the carpal bones as one unit, 
while both bones of the forearm move as another unit and with little rela- 
tion to each other. A proper reduction and fixation under such conditions 
becomes a complicated problem for there is no fixed point around which to 
build either the reduction or the fixation. It is with this second group of 
cases that we are here concerned. While recognition of the complicating 
injury may be difficult, proper treatment of the fracture depends upon dis- 
tinguishing these cases. 

The typical deformity of Colles’ fracture involves some degree of 
supination of the distal radial fragment in relation to the shaft of the 
bone. This in itself is responsible for the loss of the dorsal prominence of 
the ulna which is present in the normal wrist in pronation. If the integrity 
of the radio-ulnar joint has been lost, the ulnar head lies much farther for- 
ward, even presenting as a bulge on the volar aspect of the wrist. In 
addition, it will be found to be abnormally movable in relation to the 
radius and to the hand. It also often presents as a distinct prominence on 
the medial aspect of the wrist, where it is responsible for the abnormal 
broadening which is characteristic of the severer fractures. Marked for- 
ward or medial displacement of the ulnar head, combined with abnormal 
mobility, is the chief clinical evidence of a loss of the joint integrity. In 
addition, there is more pain on attempt to carry out pronation and supina- 
tion than in the case of a simple Colles’ fracture. Roentgenographic 
evidence confirms the separation of the ulnar head from its relation with 
the distal radial fragment, and a lateral view usually shows the marked 
forward displacement of the head. In the diagnosis of simple rupture of 
the ligament uncomplicated by fracture—a very rare injury—it may be 
necessary to take roentgenograms at various positions of pronation and 
supination to reveal the separation. Roentgenographic evidence of fracture 
through the base of the ulnar styloid, or of separation of a medial fragment 
of the radius (Fig. 897) is also confirmatory of loss of joint integrity. The 
importance of recognition of this complicating injury cannot be overem- 
phasized. 

Prompt accurate restoration of normal anatomical relationships is 
very important. We believe that reduction should be carried out under 
the fluoroscope, with general anesthesia. Unless there is a definite con- 
traindication to ether, we do not advise the use of novocain in these more 
complicated cases. Special attention must be paid to breaking up the 
impaction, restoration of the proper length and articular angle of the 
radius, and restoration of the dorsal position of the ulna. 

At the same time, the ulna must be brought into close apposition to 
the radius to prevent widening of the wrist. The most stable position for 
fixation is that of palmar flexion with extreme pronation and ulnar devia- 
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tion, the so-called Cotton-Loder position. If the ulna has been properly 
restored to its dorsal position, this maneuver wedges the hamate partly 
beneath the distal ulna, and prevents forward luxation. This then gives 
stability to the ulnar side of the wrist; and further palmar flexion, prona- 
tion, and ulnar deviation put traction through the carpal ligaments on the 
radial fragments, lifting them into place and using the wedged ulna as a 
fulerum. Continuance of ulnar deviation serves further to snug the 
radius up to the ulna and to permit reparative processes to reconstruct the 
ligamentary attachments. Maintenance of the position is greatly facili- 
tated by immobilization of the elbow, which prevents any possibility of 
supination. Acute palmar flexion alone, without pronation and ulnar 
deviation, will not suffice to maintain reduction in many instances, for 
slipping of fragments may occur. Fixation in the desired position is secured 
by a plaster of Paris cylinder or preferably by the so-called sugar-tong 
splint made of a single strip of plaster. 

This extreme position of reduction should not be maintained for more 
than ten days, after which the wrist should be restored to a neutral posi- 
tion and safeguarded with simple molded splints for another ten days. 

After-care and physiotherapy are carried out in this type of fracture 
essentially as they are in the less complicated type. Disability usually 
lasts for about two months. 

A considerable number of cases of Colles’ fracture are treated without 
recognition of this complicating factor or loss of integrity of the radio-ulnar 
joint. These cases account for most of the poor end-results seen after this 
fracture. Shortening of the radius and the backward tilt of its carpal 
articular surface are usually due to failure to break up the impaction com- 
pletely. The broad wrist and loss of the dorsal prominence of the ulnar 
head are due to failure to restore the ulna to its proper position in the re- 
duction. Limitation of motion occurs chiefly in pronation and supination, 
and this motion is likely to be painful and is sometimes accompanied by 
a jog or even an audible click. There is usually tenderness over the ulnar 
head or the ulnar collateral carpal ligaments, and the patient is likely to 
refer pain to these areas. In the extreme cases the ulnar head presents 
marked abnormal mobility, in some portions appearing as a dorsal prom- 
inence and again medially or anteriorly. If the ulnar head is grasped, it 
can be found to be freely movable in relation to the radius and to the hand. 

In some instances simple osteotomy to restore the radius to its proper 
position is sufficient to relieve the patient of his disabling symptoms 
(suggested by Cotton). More often and more effectively, subperiosteal 
resection of the distal end of the ulna is employed as described by Darrach, 
and Cotton and Morrison. 

Symptoms.—In Colles’ fracture the wrist appears unnatural. The 
thenar eminence of the thumb is higher, nearer to the wrist than usual, as 
compared with the hypothenar eminence (Fig. 895). Anteroposterior and 
lateral deformities are apparent to a greater or less degree. It is said that 
at times an anterior displacement of the lower fragment occurs, the reverse 
of the ordinary displacement. It is unusual (Fig. 888). 

The anteroposterior deformity is caused by the projection of the lower 
end of the upper fragment into the palmar surface of the wrist, pushing 
the flexor tendons forward (Figs. 893, 899), and by the projection of the 
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Fig. 898.—Note deviation of the hand to the radial side, thumb side, following the impaction of 
a Colles’ fracture. (After Davis-Piotti.) 





Fig. 899.—Note the displacement of the fragments causing the typical silver fork deformity. 
The distal fragment is displaced backward, the lower end of the proximal fragment is displaced 
forward. (After Davis-Piotti.) 





Fig. 900.—A transverse fracture of the lower end of the radius, with a crack into the joint 
and fracture of the styloid process of the ulna. Little displacement. See a T fracture into wrist 
joint. 
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upper end of the lower. fragment toward the dorsal surface of the wrist, 
pushing the extensor tendons backward. Impaction of the radial frag- 
ments may be another factor in the production of the deformity. This 
deformity is spoken of by the older writers as the silver-fork deformity. 





Fig. 903.—Comminuted fracture of the Fig. 904.—Lateral view of Fig. 903. 
lower end of the radius. The fracture could be 
reduced and held reduced with difficulty, as a 
fresh fracture. Manipulation after about ten 
days would result in good reposition of the 
fragments after granulation tissue has formed. 


(Dodd.) 


The reason is obvious (Figs. 890, 898). The lower anterior radial arch is 
lost. 


The lateral deformity (Figs. 895, 898) is caused by several factors: 
the impaction of the radial fracture, lateral displacement of the lower 








Fig. 905.—Lateral view of Fig. 908. Note Fig. 906.—A starting of the lower radial 
the backward displacement of the lower frag- epiphysis. No great displacement. The 
ment. Arrow points to lower fragment. arrow points to the epiphysis. Note the 
Double arrows point to the sharp lower end of __ rotation backward of the lower epiphysis in its 
the upper fragment. transverse diameter. 


fragment, and rupture of the inferior radio-ulnar ligaments. The wrist is 
widened. 


Between the radius and ulna at the inferior radio-ulnar joint is the 
triangular ligament holding the two bones together. The upper surface of 
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Fig. 907.—Fracture of the lower end of the Fig. 908.—A transverse fracture of the 
radius with displacement of both bones toward radius above the level of the epiphyseal line. 
the palmar surface. Arrow points to the frac- | Note the impaction. Arrow points to frac- 
ture. ture. 





Fig. 909.—Fracture of the lower end of the radius, lateral view. Note impaction, deformity, and 
relative position of ulnar styloid and head. 





Fig. 910.—Fracture of the lower end of the radius, anteroposterior view. Note impaction; 
displacement of the hand to the radial side. Note prominence of ulna. Rupture of attachment 
of triangular ligament. 
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Fig. 911.—Transverse fracture of the lower end of the radius. Compare Fig. 908. Arrow marks 
fracture. res 





Fig. 912.—A comminuted slightly impacted fracture of the lower end of the radius and fracture 
of the styloid of the ulna. Arrows point to seats of fracture. 





Fig. 913.—Lateral view of Fig. 911. Note the thickening due to impaction of the radius. 
Note also the beginning backward displacement of the lower fragment. Arrow points to frag- 
ment. 
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this ligament forms part of the inferior radio-ulnar joint. The lower or 
under surface of this ligament forms part of the wrist joint. 

When the lower end of the radius is drawn upward, the ulna being 
intact is displaced, apparently at least, downward. This ruptures the in- 





Fig. 914.—A lateral view of the fracture of Fig. 915.—An impacted fracture of the 
the lower end of the radius. Note the char- lower end of the radius. Note the line of the 
acteristic backward displacement of the lower cortical shaft and the upward displacement of 
fragment and the forward displacement of the the lower fragment. 
lower end of the upper fragment. Arrow points 
to the latter. 


ferior radio-ulnar ligament. This allows the ulna to move downward and 
forward, while the lower end of the radius moves upward and backward. 
Hence appears the prominence of the lower end of the ulna in the flexor 
side of the wrist anteriorly. This disturbance of the normal relations of 
this important joint explains in great measure the final partial limitation of 





Fig. 916.—Longitudinal fracture of the inner side of the lower end of the radius into the joint. 
The arrow points to the line of fracture. The ulnar styloid is fractured. 


pronation and supination seen in many improperly reduced Colles’ frac- 
tures. 

The abduction of the whole hand (Fig. 895), the prominence laterally 
of the lower end of the ulna (Fig. 903), the disappearance of the ulnar 
head from the dorsum of the wrist, are to be noted. Because of the dis- 
placement of the radial lower fragment the normal relations are no longer 
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maintained between the styloid processes of the radius and ulna. There 
is a reversal of relations. The radial styloid is higher than usual. It is on 
the same level with or higher than the head of the ulna. 

It is possible to have present a fracture of the lower end of the radius 
(a Colles’ fracture) without any appreciable alteration in the levels of the 
styloid processes. The existence of the normal relations of the styloids 
does not preclude the presence of a fracture (Fig. 917). 

Direct pressure over the broken bones elicits pain, but crepitus is often 
undetected until the patient is examined with the aid of an anesthetic. A 
transverse ridge is sometimes present on the posterior and external surface 
of the radius, corresponding to the line of fracture. In certain cases of 
Colles’ fracture the wrist may not appear very unnatural. There may be 
scarcely any deformity. The anterior skin lines at the wrist are inclined 


SS 





Fig. 917.—Fracture of the styloid process of the radius into the middle of the joint surface. 
Arrow points to the beginning of the fracture line in the process. A continuation of the arrow 
indicates the direction of the line of fracture. Relation of the two styloid processes is essentially 
normal. 


upward in the radial side, whereas normally they incline slightly downward 
(Eliason). The normal relation may be nearly preserved. If there is 
little displacement of the fragments, it may be difficult to determine the 
existence of a fracture. The lower fragment of the radius is rotated on 
its transverse diameter posteriorly so that the plane of the articular sur- 
face is somewhat reversed, being possibly from 10 to 20 degrees behind the 
perpendicular normal plane. The persistence of this backward rotation of 
the lower fragment may seriously impair certain wrist joimt movements. 
An appreciation of slight differences from the normal will, under these 
circumstances, prove of great value. The roentgen ray, of course, will be 
of service in this connection. 

Probably more than anywhere else in the forearm is it important to 
recognize the possible injuries when the trauma is at or about the wrist. 
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After injury to the wrist one must consider in the differential diag- 
nosis— 


A sprain of the wrist. A fracture of the styloid of the radius. 
Contusion of the bones near the wrist. A scaphoid fracture. 
Dislocation of the wrist backward. A dislocation of a carpal bone. 
Fracture of the shaft of one or both bones Tenosynovitis of the extensor tendons near 
low down. the lower end of the radius, especially of 
Separation of the lower radial epiphysis. those tendons over the styloid process of 
An incomplete fracture near the end of the the radius. 
radius. 


A sprain of the wrist is rather unusual. There very often exists in so- 
called “sprains” a definite anatomical lesion of bone. The deformity due 
to the distention of the synovial sac with fluid is conspicuous over the back 
of the wrist joint and, therefore, near the hand. There is tenderness upon 








Fig. 918.—Comminuted fracture of the lower end of the radius. Note the outward displace- 
ment of the styloid of the radius and the comminution of the articular surface of the lower end 
of the radius. 


pressure over the synovial membrane anteroposteriorly. There is little or 
no tenderness over the radius upon deep pressure. There is an absence 
of the positive signs of fracture. It is not an uncommon experience to find 
an injury to the lower end of the radius presenting no positive fracture 
signs, which is proved by the roentgen ray to be a break of the lower end 
of the radius. Many of these obscure lesions are passed over as sprains of 
the wrist. Any injury to the wrist, no matter how trivial, should be re- 
garded with suspicion until there is absolute proof that fracture is absent. 

A Contusion of One or Both Bones Near the Wrist Joint—Tenderness 
is localized. Fracture signs are all absent. The roentgen ray will assist in 
determining this diagnosis. 

Dislocation of the wrist backward is rare. The posterior prominence 
is lower down on the wrist than in Colles’ fracture. The upper surface of 
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the displaced carpus can be felt. The relation of the two styloids is pre- 
served. The deformity disappears and does not tend to reappear when 
traction is made on the hand and pressure is made over the dorsal prom- 
inence. 





Fig. 919—Comminuted fracture of the lower articular end of the radius. See Fig. 715. A T 
fracture into wrist joint. 


Fracture of the shaft of one or both bones low down may simulate the 
anteroposterior deformity of Colles’ fracture, but an absence of other 
positive signs is important. The roentgen ray determines the exact seat 
of the lesion. Abnormal mobility and crepitus are readily obtained without 
the administration of an anesthetic. 

A Separation of the Lower Epiphysis of the Radius——The lower epiph- 
ysis of the radius unites with the shaft about the twentieth year. The 














Fig. 920.—Lateral view of Fig. 919. Note the dis- Fig. 921—Lateral view of a 


placement of the lower fragment backward, carrying Colles fracture. Note the anterior 
with it the hand. displacement of a portion of the frac- 


ture fragments. The arrow points to 
the fragment. 


radius increases in length chiefly through growth from its lower epiphysis. 
This lesion occurs much more commonly than has hitherto been supposed. 
It is usually classed as a Colles’ fracture, no very careful examination being 
made. The displacement of the epiphysis is backward, but it is not suf- 
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Fig. 923.—Fracture of radial  styloid. 
(Massachusetts General Hospital, 1252. 2-Ray 


tracing.) 


Fig. 922.—Fracture of inner edge of the radius. 
(x-Ray tracing.) 














Fig. 924.—Fracture of both bones near wrist. Note deformity away from (above) wrist joint. 
(After Helferich.) 











Fig. 925.—Fracture of the lower end of the radius. Lateral view. Note silver-fork deformity. 
Deformity (above) near wrist joint. (After Helferich.) 
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ficient to carry the fragment off and out of contact with the diaphysis. In 
Colles’ fracture the dorsal swelling is most in evidence. In a separation of 
the lower radial epiphysis the palmar swelling is greatest. The lateral de- 
formity of the wrist is usually absent in epiphyseal separations. There is 
often less deformity than is found in most Colles’ fractures, and it is nearer 
the hand. The crepitus is soft and cartilaginous, and easily obtained with- 





Fig. 926.—Fracture of the lower end of the radius into the wrist joint. Fracture of the styloid 
of the ulna. Note comminution of lower fragment of radius. 


out an anesthetic. Pain is present as well as tenderness to pressure over 
the epiphyseal line. There is often swelling along the dorsum of the wrist 
corresponding to the area of detached periosteum. Union is rapid and com- 
plete. There is scarcely ever any arrest of growth following this injury. 
The treatment of separation of the lower radial epiphysis is similar to that 
of a Colles’ fracture. A fracture of the lower radial epiphysis is occasion- 
ally seen; it is, however, a rare lesion (Fig. 927). 
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Fig. 927.—Fracture of the epiphysis of the lower end of the radius and of the styloid process of 
ulna. (Massachusetts General Hospital, 712. 2-Ray tracing.) 
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Associated with every Colles’ fracture there may be one or more of the 
following lesions: A fracture through the lower end of the ulna, which is 
rather rare. A fracture of the styloid process of the ulna, which occurs in 
about 50 to 60 per cent of all cases (Fig. 912). A rupture of the inter- 
articular triangular fibrocartilage (Figs. 958, 959) at its insertion into the 
base of the styloid process of the ulna. This is probably quite common, 
and accounts in part for the broadening of the wrist joint. A perforation 
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of the skin by the lower end of either the ulna or the shaft of the radius, 
making an open fracture. <A fracture of the scaphoid bone, although oc- 


Shaft of ulna 


Shaft of radius 





Fig. 928.—Very great comminution of lower end of the radius. Extremely difficult to mold frag- 
ments into good positions. Note abduction of hand and marked prominence of ulna. 





Fig. 929.—Dorsal dislocation of the wrist. Note deformity at wrist joint, neither above nor below 
it. (After Helferich.) 


curring often alone, is not very uncommonly associated with Colles’ frac- 
ture. A sprain of the hand, wrist, forearm, elbow, or shoulder may occur. 
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It is wise to examine the whole upper extremity, particularly a few days 
after the accident, as it is at this time that sprains associated with fracture 
are likely to be detected. 











Fig. 930.—Dorsal dislocation of the hand at carpometacarpal joints. Note deformity below 
wrist. (After Helferich.) 





Fig. 931.—Reduction of Colles’ fracture. Note position of hands in forcibly hyperextending the 
lower fragment; breaking up impaction. Disengaging the fragments. 





Fig. 932.—Reduction of Colles’ fracture. Note grasp upon forearm and the lower fragment 
of the radius, traction and countertraction being made; breaking up the impaction, disengaging 
fragments. 


Treatment.—The ordinary uncomplicated fracture is here under con- 
sideration. Reduction should be accomplished as soon as possible. Com- 
plete reduction cannot be made satisfactorily without the administration 
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of an anesthetic, to either complete or partial anesthesia. Very great force 
is needed to accomplish satisfactory reduction of impacted fractures of the 
radius. It is because of the use of too little force that often a slight bony 
deformity remains after union has taken place. 

A Method of Reduction—Grasp with the thumbs and forefingers of the 
two hands the upper and lower fragments. Free the lower fragment com- 
pletely from the upper by pressure and traction backward and forward 
and laterally upon the lower fragment, using all the force that is needed 
(Figs. 931, 932). The lower fragment may then be forced into position 
by pressure of the two thumbs upon the dorsum of the wrist (Fig. 933). 

Summary of Method of Reduction—Disengage the two fragments of 
the fracture by traction on the lower fragment and by hyperextending the 
wrist, be sure that any existing impaction is completely broken up and 
freed. 

Then pronate by rotating into pronation the distal radial fragment 
about the ulnar head as a pivot, making a lifting push backward on the 
ulnar head so as to correct its slump or dislocation forward. 








Fig. 933.—Reduction of Colles’ fracture. Note position of the thumbs and fingers. Lower 
fragment is pushed into place, while counterpressure is made by the fingers upon the upper frag- 
ment, that is, the lower fragment is forcibly flexed. 


Then flex the wrist to maintain the lower fragment in its reduced posi- 
tion. This is gentle positional flexion, not forcible flexion. Forcible flexion 
may cause harm, median nerve paresis—positional flexion can cause no 
harm. The flexion keeps permanent posterior ligamentous and tendinous 
coaptation to the replaced fracture. 

Cotton’s calling attention to the rotation of the radius around its longi- 
tudinal axis in extreme pronation, with the head of the ulna fixed, is a 
distinctly constructive contribution to the method of reduction of Colles’ 
fracture. 

When reduction is completed, the hand should be allowed to rest natu- 
rally without support to determine whether there is a recurrence of the 
deformity. If there is no recurrence of the deformity, the fracture may be 
fixed. If there is recurrence of the deformity, notice should be taken of the 
direction of the displacement of the lower fragment, that proper pads 
may be applied to hold it in position. A pad of compress cloth placed on 
the dorsum of the wrist over the lower fragment will easily hold it if 
ordinarily displaced. A knowledge of the direction of the displacement of 
the lower fragment will suggest the prevention of the recurrence of the 
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deformity. The roentgen ray is making possible a more intelligent treat- 
ment of this fracture of the radius. The bone is so nearly subcutaneous 
that one can take advantage of an accurate knowledge of the line or lines 
of fracture in attempting reduction of the malposition. Intelligently ap- 
plied force can now be used in each fracture instead of the hitherto blind 
routine manipulation. Thus, less injury is done in setting the fracture, 
and better anatomic results are obtained. 

It is well to restore, if possible, the prominence of the lower end of the 
ulna at the back of the wrist. Usually, after a Colles’ fracture has healed 
and functional usefulness exists in the wrist and hand, the ulna will be 
found to have slumped forward—to have disappeared from the dorsum of 
the wrist. This can be prevented partially at the time of setting the frac- 
ture by padding the ulna anteriorly and by completely correcting the radial 
deformity and strongly adducting the hand. 

Retentive Apparatus—The simplest splint is the best. I believe that 
the anterior and posterior wooden splints properly padded and intelligently 
applied in my hands were the best splints applicable to this Colles’ frac- 
ture. Today I believe that the molded plaster of Paris splint is the best 





Fig. 934,—Fracture of radius near wrist. Method of applying the posterior splint and dorsal 
pad in displacement of lower fragment backward. 


splint for holding the reduced arm and wrist. However, the description of 
the details of the application of the wooden splints is important. In the 
use of the plaster of Paris molded splint this description of the wood 
splints will be found very serviceable. A knowledge of the use of the 
wooden splint facilitates the use of the plaster of Paris molded splint. 

If there is considerable swelling about the seat of fracture in a rather 
muscular and large arm, it is best to use the following apparatus: Two 
pieces of splint wood, one for the back and the other for the front of the 
forearm, are provided. The back or posterior splint should extend from 
the heads of the metacarpal bones to a little above the middle of the fore- 
arm (Fig. 934). At the spot where the lower end of the ulna touches the 
dorsal splint a piece should be cut out from the splint (Fig. 941). If this 
is done there will be no undue pressure forward upon the lower end of 
the ulna (Pool) and the likelihood of an absence of ulnar prominence upon 
the back of the wrist will be lessened. The front or anterior splint should 
extend from the heads of the metacarpal bones to a little above the middle 
of the forearm (Fig. 936). These splints are padded evenly and smoothly 
with sheet wadding, retentive pads at the seat of the fracture being used 


TREATMENT 739 


as needed. The hand and forearm are held in semipronation. The hand 
is adducted. The dorsal splint is applied and held in position. The ante- 
rior splint is then applied with the pads, and all are held in position by 
adhesive plaster straps. The arm and splints are covered with a bandage. 
Direct pressure should be avoided over the head and styloid process of the 
ulna posteriorly in order to minimize the disappearance of the bone from 





Fig. 935.—Fracture of radius near wrist. Method of applying anterior splint and pad and 
of holding the two splints and arm for the application of straps. Anterior splint is cut out below 
the thenar eminence. 


the dorsum of the wrist. A pad placed anteriorly and laterally over the 
lower end of the ulna is often useful in reducing the ulnar head and styloid. 
The adhesive plaster straps should be snugly but loosely applied. They 
are intended simply to retain the splints in position (Fig. 936). After their 
application, pressing the two splints together should show that there is 
considerable slack in the straps (Fig. 937); a springiness should exist be- 


‘Sircatneacennanaenaana ise apis Seam 





Fig. 936.—Fracture of the forearm near the wrist joint. Anterior and posterior splints. 
Straps are taut. Note length of splints, the position of the three straps, and the cutting out of 
the anterior splint to clear the thenar eminence. 


tween the splints. The necessary pressure on the splints should be secured 
by the bandage. The fingers are allowed to be free and movable. The 
arm is held in a sling. The sling should be so adjusted as to receive the 
whole weight of the arm, the hand lying free from the upward pressure of 
the sling. The sling should be applied with the ends crossed in front of 


the neck. 
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At the end of the first week in most cases, in place of the two antero- 
posterior splints, it will be wise to use one posterior splint only and an an- 
terior pad over the seat of fracture. The posterior splint is applied evenly 





Fig. 937.—Fracture of the forearm near the wrist joint. Notice wrinkles in the straps. The 
straps are loose from the pressure of the two splints together. Thus is illustrated the fact that 
the straps should retain splints in position without exerting much pressure. 


padded, and, if necessary, a small pad is placed over the dorsum of the 
lower fragment. The splint is held in place by two adhesive plaster straps, 
one at the upper end of the splint around the forearm, the other around 





Fig. 938.—Posterior splint padded with two thicknesses of sheet wadding. Two straps. Note 
length of splint and position of straps. 


the metacarpal bones at the lower end of the splint (Fig. 938). The frac- 
ture should be held securely by a third strip of adhesive plaster at the seat 
of fracture over a compress-cloth pad, which fills up the anterior hollow of 





Fig. 939.—Posterior splint, three straps, and pad at the seat of fracture. Note comfortable po- 
sition of forearm and hand. 


the radius (Figs. 939, 946). This pad holds the fragments securely. A 


roller bandage gives even compression and support to the whole arm 
(Fig. 940). 
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Fig. 940.—Completed dressing, similar to Figs. 938, 939. The bandage is applied evenly and uni- 
formly. 


Fig. 941.—To illustrate ulnar cut-out on the dorsal splint for Colles’ fracture of the right wrist. 





Fig. 942.—Hand and fingers extended. Dorsal surface of forearm and hand practically 
straight and in the same plane. The anterior surfaces of the forearm and hand are rounded and 
irregular surfaces. 





Fig. 943.—Forearm, ulnar side; partial pronation. Note normal prominence of head of ulna. 


(Pool.) 





Fig. 944.—Radial side of forearm with anteroposterior plaster splints applied. Roll sup- 
porting fingers; straight wooden splint upon anterior plaster splint for greater support. Small 
block of wood anterior to the lower end of the radius. (After Pool.) 
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The posterior surfaces of the forearm, wrist, and hand in the extended 
position are practically in one plane (Fig. 942); hence, the reasonable- 
ness of the use of the posterior splint. The arm lies naturally upon it. 
The anterior surface only requires accurate padding. The difficulty in 





Fig. 945.—Dorsal splint of plaster of Paris showing ulnar cut-out. (After Pool.) 


applying an anterior splint accurately to the forearm and wrist is rendered 
clear by the illustration. The front of the forearm and wrist is a rounded 
and uneven surface. In order accurately to control the bone by a splint 
applied to the anterior surface of the forearm the padding must be applied 





Seat of fracture 


Fig. 946.—Anterior and posterior splints. Note how naturally the dorsum of forearm and 
hand rests upon straight splint. Note pad necessary to fill the normal arch of radius. The strap 
at the wrist is purposely omitted so as not to obscure the bone. 


with greater care than is ordinarily exercised. No splint is manufactured 
that fits the wrist accurately. If the surgeon depends upon manufactured 
and molded splints, he is in very great danger of neglecting the fracture. 
It is best for the surgeon to use simple splints, and to hold the fracture 
reduced by personally applied pads and straps. 








Fig. 947.—Colles’ fracture. Position of short dorsal splint of wood and palmar pad of compress 
cloth. Note method of holding before the application of the strap. 


Until the time of union the arm should always be comfortable. The 
patient should be seen, if convenient, within the first twenty-four hours of 
the application of the splint. Swelling may occur after the splints are 
applied, causing blueness or swelling of the fingers. The bandage may 
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need reapplying to relieve this increase of pressure. With the subsidence 
of the primary swelling the bandage naturally loosens and will require 
tightening. It is rare that the straps and padding will need more than 
slight readjustment during the first week of treatment. At least every 
three days the pads should be removed with great care, and the arm care- 











Fig. 948.—Colles’ fracture. Short dorsal splint and palmar pad held in position by adhesive 
plaster strap. 


fully inspected. The alignment of the fragments is maintained by read- 
justment of the pads. 

Gentle massage should be instituted to the fingers, hand, wrist, and 
forearm during the first week. Passive and active movements of the fingers 
and wrist are to be made through the second week. During the second or 





Fig. 949. Fig. 950. 
Fig. 949.—Fracture of lower end of radius and styloid of ulna. Note comminution and displace- 
ment. (Cotton.) 
Fig. 950.—Same as Fig. 949. Anteroposterior view after reduction. (Cotton.) 


third week it will be possible to shorten the dorsal splint and also to 
increase the amount of passive and active motion. At the end of the 
second or third week the union will be found to be firm. During the third 
or fourth week the splint may be removed and the wrist supported by a 
wooden dorsal pad (Figs. 947, 948) 2 inches long and the width of the 
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wrist, and by a palmar radial pad of compress cloth and strips of adhesive 
plaster about 2 inches wide. The middle of the plaster should come at the 
line of the break in the bone. After the fourth week all padding may be 
removed, and the wrist supported by a simple bandage. The fingers and 
hand may be used at this time. After the removal of the splint and while 





Fig. 951.—Lateral view of Fig. 949. Note reduction. Note radioscaphoid angle. (Cotton.) 


the arm is carried in a sling great care must be exercised lest lateral de- 
formity result through an improper adjustment of the sling (Fig. 955). 
The forearm should rest in the sling upon the ulnar side, and the hand, 
being unsupported, should be slightly adducted (Fig. 956) . 





Fig. 952. Fig. 953. 
Fig. 952.—Method of reduction. Traction pronation around the head of the ulna. (Cotton.) 


Fig. 953.—As the arm is placed in pronation counterpressure is made on the styloid of the ulna 
by thumb. (Cotton.) 


The method of reduction of a Colles’ fracture is illustrated as done by 
F. J. Cotton. The final position in flexion of wrist, pronation and ulnar 
deviation is not a forced position but a relatively passive one (Figs. 949- 
954). Abbott and Saunders have called attention to injuries of the median 
nerve in fractures of the lower end of the radius. 
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Reversed Colles’ Fracture—The radial distal fragment is displaced 
forward. It may be necessary to place the wrist after the reduction is 
complete in a hyperextended position. Almost every reversed Colles’ 





Fig. 954.—Position of forearm in pronation. Wrist in flexion, ulnar deviation. All maintained 
by a plaster of Paris splint. Flexion is not forced. (Cotton.) 


fracture if seen and treated immediately may be reduced and held without 
operation. 

The treatment of a “reversed Colles’” fracture (Fig. 888) will differ 
from the treatment of the ordinary fracture only in the method of reduc- 





Fig. 955.—Colles’ fracture. Cravat sling Fig. 956.—Colles’ fracture. Cravat sling 
holding wrist improperly. Hand pronated. holding wrist properly. Hand semisupinated. 
Wrist resting upon ulnar side with hand un- 

supported. 


tion and in the position of the retaining pads. An anterior (palmar) pad 
will be needed over the lower fragment and a posterior (dorsal) pad over 
the shaft of the radius. 
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Prognosis and Result.—The swelling about the fracture in elderly people 
will persist longer than in the young. A functionally useful wrist joint and 
hand should follow a simple uncomplicated Colles’ fracture in healthy 
young adults. For some weeks tenderness may exist over the styloid of 
the ulna. Limitation of pronation and supination may persist for some 
time disappearing, after several months, more or less completely. Supina- 





Fig. 957.—Right Colles’ fracture in an old woman. Splints applied for five weeks without 
removal. Note deformity and flattening of hand and forearm. The fingers and wrist are stiff 
and swollen. Left hand is normal. 





Fig. 958. Fig. 959. 

Figs. 958, 959.—Longitudinal sections of the wrist joint showing the relations of the carpal 
bones to the radius and ulna. Note that force applied to the hand may be partially transmitted 
to the ulna as well as the radius. This section illustrates also the large number of joints that may 
be involved following trauma to this region. (Harger.) 


tion is the last movement to be recovered. Limitation of movement at 
the wrist and in the fingers is not incompatible with a useful wrist joint. 
Bony union is rapid—within three weeks. Care must be exercised lest in 
the early removal of support the soft callus be molded, by the ordinary 
movements of the wrist and hand, into some permanent deformity. 

It is not uncommon for the line of the fracture of the lower end of the 
radius to extend into and involve the sigmoid cavity of the radius. Thus 
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the inferior radio-ulnar joint is involved in the fracture. This fact is of 
importance, as it helps to explain the limitation of motion in pronation and 
supination which so often exists after fracture of the lower end of the 
radius. Often perfect supination is the last movement to be recovered, 
and this may in part be explained by the involvement of the inferior radio- 
ulnar joint. 

The destruction of parts of the lower fragment of the radius may have 
been so complete that it is impossible to restore the wrist to its normal 
shape, and some bony deformity will remain permanently (Fig. 928). 
Bony deformity is not incompatible with a functionally useful arm. In 
many instances it is impossible wholly to prevent a slumping forward of 
the head of the ulna and its corresponding disappearance from the back 
of the wrist. Complete reduction of the radial deformity together with a 
frequently readjusted pad upon the palmar surface of the wrist over the 
slumping ulnar head, the combined pronation and flexion of the wrist, 








lexor tendons _ 


Fig. 960.—Note the position and extent of the radio-ulnar articulation which is frequently 
nvolved in fracture and which may be filled with callus. Note the close proximity of the flexor 
and extensor tendons and tendon sheaths.. These tendons, especially the dorsolateral ones, may 
fee ae involved in the adhesions following fracture of the lower end of the radius 
arger. 


together with the upward thrust on the ulnar head are the best methods 
for preventing the disappearance of the ulna from the dorsum of the 
wrist. The “ulnar cut-out” from the dorsal splint should be employed 
when wooden splints are used (Fig. 941). 

Some slight widening of the wrist will remain after most Colles’ frac- 
tures. 

Traumatic arthritis will at times appear out of a clear sky suddenly 
and very much complicate an otherwise simple convalescence from a per- 
fectly replaced Colles’ fracture. 

The uncorrected anterior luxation of the ulnar head may be a cause of 
weak wrist, ulnar pain, and flattening of the ulnar prominence. 

A looseness of the ulnar head, which will exist in proportion to a persist- 
ence of the radial impaction, which may become exaggerated by supination, 
may through repeated traumatisms injure the ulnar nerve. 

The long ulna may be corrected by Darrach’s subperiosteal resection of 
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the lower inch of the ulna, leaving the styloid process, or by Berg’s length- 
ening of the radius. 

The changes in the tendon sheaths about the fracture, the periarticular 
adhesions that form, especially in elderly people, cause much more hin- 
drance to recovery of function than do the bony alterations (Fig. 957). 
Early and persistent massage and passive motion will prevent these 
changes from becoming permanently troublesome. Old people are liable 
to have considerable difficulty in regaining the movements of the fingers 
on account of adhesions within and without the tendon sheaths. The 
continued use of the hot-air treatment is of value in restoring mobility to 
the wrist and fingers. The more nearly the deformity in Colles’ fracture 
is corrected at the first setting, the milder will be the subsequent pain 
about the wrist. 

A retentive dressing or splint that really retains the fracture reduced 
is satisfactory. Two wooden splints well padded, correctly used, are satis- 
factory. 

The “‘sugar-tong” splint made from a plaster of Paris bandage may be 
used. It is adjustable and permits adjustment to swelling and shrinkage 
of soft parts. 

The plaster of Paris splint, two strips, one for back of arm and hand 
and one for front of arm and hand, held in place by a plaster of Paris 
bandage or by straps, is helpful (Eliason). A plaster of Paris circular 
splint which is divided or bivalved immediately after it is dry is, perhaps, 
if rightly employed, the most efficacious and least troublesome splint. 


CHAPTER XXXII 
FRACTURES OF THE CARPUS, METACARPUS, AND PHALANGES 


FRACTURE OF THE CARPUS 


Tue change in nomenclature is at first confusing, but the new terms for 
the bones of the carpus are simple, viz.: 


Furst or Proximal Row 


INavicularcmee Medan. haere ken cat Scaphoid 
EU ae eee pS ae eg eh ee Semilunar 
tian gp ularsee Weer seer soot ere cee Cuneiform 
EiSiL OLIN tees, eat Nets hee eee A eae Pisiform 


Second or Distal Row 


Greatesmultangularss eee eee eae Trapezium 
Wesseramultang lara ene ene eee Trapezoid 
Capitatetuicn ue cmt ee jc iitaeciacie: bot Os magnum 
Flam ates (hte. mene nen ane ae Unciform 


Crushing injuries may fracture any of these carpal bones. The bones 
commonly fractured by indirect force are the scaphoid and semilunar (the 
navicular and lunate) of the first proximal row. 

Anatomy.—The outside of a carpal bone is covered by compact bony 
tissue surrounding the inside spongy, cancellous tissue. The exterior is 
covered by cartilage on the surfaces articulating with adjacent bones. A 
synovial membrane covers these articulating surfaces. The other surfaces 
are rough for the attachment of ligaments and tendons. Each carpal 
bone has a central center of ossification. Compared with fracture of the 
wrist (Colles’) it is estimated that fractures of these two bones occur once 
in about ten times. 

Etiology.—The cause of these scaphoid and semilunar fractures is ordi- 
narily a fall on the outstretched hand with radial or ulnar flexion of the 
wrist, 7. e., the wrist is in forced dorsal flexion and radial or ulnar devia- 
tion. The force is transmitted through the longest and largest metacarpal 
bone, the third metacarpal (Hirsch). The position of the hand in receiv- 
ing the blow determines largely the type of fracture produced. 

There may be an avulsion fracture of the tuberosity of the scaphoid 
when the hand is in ulnar flexion (Fig. 963). This avulsion fracture is 
entirely extra-articular and heals in five to six weeks with bony union. 

The most common type of scaphoid fracture is the fracture through 
the middle of the body or neck of the bone. 

The compression fracture resulting in a transverse break with com- 
minution and compression of the central spongy bone is less frequent than 
the other two types. This type is caused by forced dorsal flexion of 90 
degrees or more while the hand is in either ulnar or radial flexion. Frac- 
ture of the semilunar (os lunatum) is rare. It is second in frequency to 
fracture of the scaphoid (navicular) . 

749 


750 FRACTURES OF THE CARPUS, METACARPUS, AND PHALANGES 


Kienbock’s disease (Speed) isa lesion characterized by fracture of the 
semilunar bone, usually comminuted, and followed by absorption of the 
fragments. Miiller recognizes three forms according to their etiology: (1) 





Fig. 961.—Normal wrist. (z-Ray tracing.) 


The anatomical form due to anatomical anomalous pressure lines; (2) the 
occupational form due to repeated minimal traumata; (3) the traumatic 





Fig. 962.—Typical edema following a recent fracture of the scaphoid of the wrist, line points to 
swelling. (After Todd, British Journal of Surgery, vol. 9, p. 9.) 


form due to a single marked pressure insult or fracture. The diagnosis is 


made by the w-ray examination. These cases are important in connection 
with industrial compensation cases. 
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This disease may be overlooked or diagnosed wrongly as a sprain or 
“rheumatism.” The symptoms are wrist joint disability, local pain and 
tenderness, sometimes retraction of the head of the third metacarpal. 

If symptoms referred to the wrist persist for months after an injury to 
the wrist it must be that a nonunion of a fracture of the scaphoid is 
present. This is the most likely pathology. 

The treatment is conservative in the early stages and operative in old 
cases. 

Pathology.—Fractures of the other bones of the carpus are unusual. 
The trapezium has been fractured in association with a Bennett fracture 
(Kindl). Of course other bones of the carpus may be broken in crushes 
or smashes of the wrist. Following fracture the trabeculae will be found 
crushed, disarranged, and the vascular supply interfered with. This part 
of the bone dies en masse. 

If the fracture, as so often happens, is unrecognized, fibrous tissue forms 
at the seat of fracture, the bone is absorbed, a cavity appears in the center 
of the bone. The bone slowly becomes an aseptic foreign body. This bone 
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Fig. 963.—Fracture of the tip of the scaphoid, rather unusual. (Arial George.) 


retains its density, while the surrounding bones lose in density from lack 
of use. The injured bone shows in the roentgen-ray picture as a dense 
white shadow. 

This central cavity is very constantly found in ununited scaphoid 
fractures as early as six weeks after fracture, particularly if they are not 
immobilized in treatment. 

These changes in the scaphoid are analogous to those occurring in the 
body of a vertebra after trauma—Kiimmel’s disease (Speed). Hirsch has 
described the death of the cancellous bone following fracture. The se- 
quence of events is: fracture, death of bone, absorption of bone, cavity 
formation, foreign body causing a certain irritation of surrounding tissues. 

Symptoms.—Fracture of the scaphoid will be attended by painful 
motions of the wrist, restriction of extension, an impaired hand grasp, 
some swelling on the radial side of wrist, and especially a fulness of the 
“anatomical snuff-box,” a slight late ecchymosis on the radial side, tender- 
ness on deep pressure in the “snuff-box,” the “percussion test” positive, 
i. €., tapping on the middle metacarpal head with fingers flexed and hand 
in radial flexion will cause pain in the scaphoid region; in ulnar flexion of 
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the hand no such pain will be. elicited; forced passive motion will be 
deeply painful. 

In neglected and unrecognized fracture of the scaphoid the picture is a 
sad and disabling one, viz.: a failing hand grip, a weakness of the wrist, a 
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Fig. 964.—The lower ends of the bones of the forearm and the carpal and metacarpal bones 
in their natural positions, seen from the dorsal surface. The preparation was made from a frozen 


hand, whereby the relative position of the bones could be perfectly determined. (Sobotta and 
McMurrich.) 
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Fig 965.—The same preparation as in the preceding figure seen from the volar surface. (Sobotta 
and McMurrich.) 


constant ache in the wrist. All motions are restricted. Use of the wrist 
and all extreme movements increase the symptoms. Rest will relieve these 
symptoms. A stiffness persists. There is muscle atrophy of the hand and 
arm. The wrist region is thickened, especially on the radial side, the snuff- 
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box hollow is permanently obliterated. The individual is handicapped in 
the ordinary use of the wrist, hand, and arm. 





Fig. 966. Fig. 967. 


Fig. 966.—Fracture of scaphoid, 10/11/35. This z-ray taken 12/5/36 about fourteen 
months following injury (Fig. 967). Note dense fractured surfaces. Note changes in tip of 
radial styloid. (Arial George.) 

Fig. 967.—Recent fracture of the scaphoid. Compare with Fig. 966 taken fourteen months 
later. Note overlapping of fragments. (Paul Butler.) 








Fig. 968.—A transverse fracture of the scaphoid. Arrow points to the fracture line. 


The sequence of events following fracture in the scaphoid and semilunar 
bones places them apart by themselves as reacting differently to fracture 
(Speed). 

A complete recovery following scaphoid or semilunar fracture is one 
in which after one year has elapsed there is normal painless wrist motion, 
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754 
no painful pressure points. A normal hand grip, no evidence of muscular 
atrophy, and a return to work. Adequately treated, early cases of frac- 
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Fig. 969.—a-Ray taken after the removal of the inner fragment of the fractured scaphoid. 
Note the fragment left in situ and the light space formerly occupied by removed fragment. 
é 









= 


SS 










Gay, 
ty 
Mey iA 





Arrow points to the fragment remaining. 
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Fig. 970.—Jones’ cock-up splint for drop wrist. This splint, at least in the early stages of 
(Blake.) 


musculospiral paralysis should be supplemented by splinting to prevent flexion of the fingers. 
It is applicable to the treatment of some fractures of the carpus and metacarpals if the trans- 


verse palmar piece is replaced by a hemisphere, with its convexity toward the palm. 


ture of the scaphoid will recover well. A few will be followed by nonunion 
and a disabling pathology. Neglected old cases in adults will remain some- 
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what handicapped despite treatment. Sprained wrists not showing a frac- 
ture by «x-ray should be immobilized at the outset. Later if an u-ray 





Fig. 971.—Scaphoid fracture with wrist in marked ulnar flexion, showing maximal separation of 
fragments. (Soto-Hall and Haldeman.) 





Fig. 972. Fig. 973. 


Fig. 972.—Same fracture as Fig. 971 with wrist in radial flexion. Separation of fragments is 
less marked, though fracture line is still visible. (Soto-Hall and Haldeman.) 

Fig. 973.—Same fracture as Fig. 971 with wrist in radial flexion and thumb forcibly ab- 
ducted and extended. The trapezium has so pressed the scaphoid fragments together that the 
line of fracture cannot be distinguished. (Soto-Hall and Haldeman.) 


demonstrates a fracture in such a case suitable treatment will have been 
used (Burnett) (Figs. 975, 976). 

Treatment.—Recent carpal fractures should be immobilized until union 
takes place. Usually, at least six weeks are necessary. 
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In the adult scaphoid fracture union is slow and requires from four to 
six weeks. In youth it requires about two weeks. The hand should be 





Fig. 974.—Dorsal and radial views of the cast which is applied in fractures of the scaphoid. 
Wrist is in full radial flexion and dorsiflexed about 30 degrees. Thumb is held in full abduction 
and extension. Cast immobilizes entire thumb and the metacarpophalangeal joints of the fingers. 


(Soto-Hall and Haldeman.) 


in WO 





Fig. 975. Fig. 976. 
; Fig. 975.—T. C. May 20, 1932. Fissure fracture of scaphoid. (Burnett.) 
Fig. 976.—T. C. July, 1933, fourteen months later, showing line of absorption. (Burnett.) 


placed between the extended and flexed positions, the most relaxed position 
possible. This position should be maintained about six weeks. The radial 
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flexion of wrist combined with extreme abduction of the thumb will approx- 
mate the fragments of the fractured scaphoid most closely and materially 
aid the reparative process. 

One of the reliable signs of an old fracture of the scaphoid is prolifera- 
tive bone changes by which the tip of the styloid process of the radius is 
lengthened to protect the weakened wrist (Adams) . 

In old scaphoid fractures where there is separation, nonunion or pain- 
ful fibrous union it is possible to peg the fragments instead of removing 
one or both fragments, as once was done. 

Rarely will it be necessary to remove the fractured scaphoid. Every 
fracture dislocation of a carpal bone should be immediately removed. 

If operative treatment is refused, the disabling symptoms are liable to 
increase. New bone will form at and around the fracture site, and after 
five or seven years of local invalidism, stiffness and pain at the wrist, 
there will be a permanent ankylosis, a loss of hand power and finger power, 
and atrophy of the arm from disuse. 

The stiffness remaining after the six weeks’ immobilization in recent 
fractures can ordinarily be overcome in time by heat, massage, and active 








Fig. 977.—Long plaster cock-up splint Fig. 978.—Plaster cock-up splint em- 
holding the hand in the position of grasp, as ployed in certain cases of injury about the 
desirable in fracture of the carpal scaphoid. wrist. 


(Massachusetts General Hospital Conference.) 


movements. This stiffness is not due to unremovable causes like the stiff- 
ness associated with neglected cases of fracture. 

Forced passive motion with or without a general anesthetic is to be 
avoided as productive of great harm. ‘ 

If the proper immobilization has not been used and if there is great 
disability of the wrist, leaving the patient almost totally disabled from the 
standpoint of earning his living along the lines to which he is accustomed, 
the following operation is recommended: 

The best incision is the lateral one made midway between the palmar 
and the dorsal aspects of the radius, usually from 114 to 2 inches in length, 
avoiding the palmar side of the wrist because of the danger of hemorrhage, 
with retraction of the tendons upward (Fig. 979, A and B). The styloid 
of the radius is always used as a landmark for locating the scaphoid. Much 
has been written about operating on the wrong bone, and many mistakes 
continue to be made—such as removing the semilunar, drilling the trape- 
zium, etc.—but these errors can be avoided by making use of the radial 
styloid. Another absolute check is to observe the fracture lne in the 
scaphoid which is obvious through this incision. After the joint has been 
opened, the wrist is then placed in acute palmar flexion with some radial 
deviation (thereby placing most of the scaphoid in the middle of the 
wound) and held there by an assistant with the aid of a sandbag placed 
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Fig. 979.—Operative technic. 
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Fig. 980.—Fracture of the scaphoid. The 
two fragments are seen near the styloid of the 
radius (x-ray tracing). (Balch.) 


Fig. 981.—Fracture of the scaphoid (z-ray 
tracing). 


under it. A drill hole, %4 inch in diameter, is made according to the tech- 
nic of Murray (Fig. 979, C). In drilling this hole, care should be exer. 
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cised not only in regard to the direction of the hole but also to the depth. 
Occasionally the drill runs over into the semilunar. The bone peg used 
to stabilize the fragments and to stimulate union is taken from the tibia 
rather than from the radius and is fitted with rongeurs to the drill hole 
(Fig. 979, D). After this peg has been tapped in as far as desired, the 
excess 1s cut away with bone forceps and the wound is sutured in layers. 

Operative Technic of Approach to Carpal Bones. 

A practical way to obtain a good picture of the scaphoid is to place the 
two wrists of the patient in adduction, and to place the tube over the mid- 
line between the two hands, as far forward as the level of the knuckles. 

Another point which it is well to bear in mind in making the diagnosis 
of fracture of the scaphoid is the existence of two more or less prominent 
bony ridges on the neck of the scaphoid bone which bound the edges of 
the articular surfaces. These ridges in some cases are very prominent, and 
as the neck of bone between these two ridges is the thinnest portion of the 
bone, it is apt to give the appearance of a fracture unless the x-ray is good 
enough to show the detail definitely. If the x-ray picture is taken cor- 
rectly, and a good view of the bone in its long axis obtained, a positive 
diagnosis can readily be made, for not only can the line of fracture be seen, 
but often the exact region of the interruption to the trabecular structure 
of the bone (Codman). 

The results obtained both by the bone graft (Adams) and the bone peg 
(Murray) operations clearly prove that it is no longer necessary to remove 
any part of the scaphoid following old ununited fracture of this bone 
(Burnett) . 

The bone peg operation leaves the anatomy undisturbed, the wrist 
strong and free from disability other than some limitation of dorsal flex- 
ion, 2. é., extension, and usually the patient is satisfied (Burnett) . 

Multiple drilling of the scaphoid across at right angles to the fracture 
line is used by Speed with certain satisfactory results. Drilling is used 
experimentally prior to and instead of a bone-pegging procedure. 

Scaphoid fragments are not deprived of a properly nourishing blood 
supply (Johnson). The repair response in the cancellous body of the 
scaphoid appears about as early as in fracture of the long bones. 

There is no evidence to support the theory that joint fluid hinders bone 
repair (Johnson). 

The importance of injuries to the hand is now recognized. I have with 
the permission of Drs. R. W. McNealy and M. E. Lichtenstein incorpor- 
ated here the study made in the Department of Surgery of Northwestern 
University of fractures of the metacarpals and phalanges. It is based on 
the anatomy and physiology of these parts and is a splendid contribution 
to this surgery. The illustrations were furnished by courtesy of Surgery, 
Gynecology and Obstetrics. 

At the outset, therefore, is presented the functional anatomy involved 
in fractures of the metacarpals and the phalanges since a knowledge of 
the muscular attachments is important in their successful management. 
There are several muscle groups involved in the movements of the bones 
of the hand. 

Movements of the Fingers—Two separate series of movements occur 
in relation to the articulations of the fingers: flexion and extension (at the 
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metacarpophalangeal and interphalangeal joints), and abduction and ad- 


duction (only at the metacarpophalangeal joints) . 


The movements and 


the muscles concerned are given in the following tables: 


Flexion 
Flexor digitorum sublimis 
Flexor digitorum profundus 
Lumbricales, interossei—acting on the meta- 
carpophalangeal articulations 
Flexor digiti quinti brevis 


Abduction 


Flexor brevis and opponens digiti quinti—from 
the medial side of the hand 


Extension 
Extensor digitorum communis 
Extensor indicis proprius 
Extensor digiti quinti proprius 
Lumbricales—acting on the interphalangeal 
articulations 


Adduction 


Volar interossei—to the midline of the middle 
finger 


Dorsal interossei—from the midline of the 
middle finger 


Flexion is more powerful and complete than extension of the fingers. 
The flexor digitorum profundus alone acts on the terminal phalanges; the 
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Fig. 982.—Arrangement of intrinsic musculature of the hand. 


(McNealy and Lichtenstein, 
Surg., Gynec. and Obst.) 


flexor sublimis and the flexor profundus together flex the proximal inter- 
phalangeal joint; flexion of the metacarpophalangeal joint is affected by 
these muscles assisted by the interossei, lumbricales, and flexor digiti quinti 
brevis. Extension of the phalanges is brought about by the united action 
of the extensors of the digits, the interossei, and lumbricales. Extension of 
the fingers at the metacarpophalangeal joints is produced solely by the 
long extensor muscles. Separate extension of the index finger only is pos- 
sible; the three inner fingers can be completely extended together only be- 
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cause of the connecting bands joining the extensor tendons on the back of 
the hand. 

The arrangement of the interossei and lumbrical muscles and the in- 
sertions of the flexor and extensor tendons are illustrated in Fig. 982. 

Fractures of the Distal Phalanw—The terminal phalanx is attached 
only at its proximal end to the middle phalanx. Its distal portion is free 
and not subject to the action of either the intrinsic or extrinsic muscles. 
It is here that considerable crushing of fragments may occur with but 
slight displacement (Fig. 983, a). Fractures involving the proximal por- 





ie | Cos 
Fig. 983.—Fractures of the distal phalanx. (McNealy and Lichtenstein, Surg., Gynec. and Obst. 


tion of the terminal phalanx are subject to the action of the flexor profun- 
dus tendon and the extensor communis tendon. A fracture here may de- 
velop a varying degree of dorsal displacement of the proximal fragment 
(Fig. 983, b). Occasionally, the entire proximal fragment may be avulsed 
(Fig. 983, c). 

Fractures of the Middle Phalanx—Fractures of the middle phalanx 
owe their displacements to the action of the flexor digitorum sublimis. 
This muscle ends in a tendon which separates into two portions, which 
insert one on either side of the middle phalanx, at approximately the mid- 
portion. The deformity produced will depend on the location of the frac- 
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ture site. If this site is distal to the insertion of the tendon, there occurs 
a downward position of the proximal fragment and upward displacement 
of the distal fragment. When the fracture site is proximal to the tendon 
insertion, there is produced downward displacement of the distal fragment 
with an upward position of the proximal fragment. Examination of the 





Fig. 984.—a, Fractures of the middle phalanx at various levels; b, fractures of the proxima 
phalanx at various levels. (McNealy and Lichtenstein, Surg., Gynec. and Obst.) 


accompanying diagram showing different sites of fracture of the middle 
phalanx illustrates this point (Fig. 984, a). 

Failure to take into account these two types of displacement of frag- 
ments will result in a failure to correct the deformity. When a straight 
splint is used for the second type of deformity, there results most com- 
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monly a downward projecting spur, which interferes with flexion of the 
distal phalanx (Fig. 985) . 

In the second type, adequate fixation can be had by bringing the dis- 
tal fragment into line by the use of a curved splint, restoring the frag- 
ments to the natural are, which was present before fracture took place 
(Fig. 986) . 

Fractures of the Proximal Phalanx —The resulting deformity when 
fracture of the proximal phalanx occurs is fairly constant regardless of the 
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Fig. 985.—Volar spur resulting from fixation of fractured middle phalanx on a straight splint. 
(McNealy and Lichtenstein, Surg., Gynec. and Obst.) 


site of fracture (Fig. 984, 6). As can be seen in the accompanying illus- 
tration, downward displacement of the proximal fragment is brought about 
by the action of the interosseous muscle while upward displacement of the 
distal fragment is due to the action of the lumbrical muscle. Here again 
fixation on a straight splint will maintain the deformity and result in im- 
paired function. When the distal fragment is brought into line with the 
proximal fragment by fixation on a curved splint, a minimum of deformity 
will result. 





Fig. 986.—Restoration of natural arc by the use of a curved splint. (McNealy and Lichtenstein 
Surg., Gynec. and Obst.) 


Fractures of the Metacarpals, Exclusive of the Thumb.—Fractures of 
the metacarpals usually result in typical deformities characterized by 
shortening of the length of the bone due to bowing of the fragments. 
There is a dorsal projection at the site of fracture and volar displacement 
of the metacarpal head (Fig. 987). This configuration is the result of the 
action of the interosseous muscle which is a flexor of the proximal phalanx. 
The distal fragment of the metacarpal being attached through the meta- 
carpophalangeal joint to the proximal phalanx assumes a flexed position. 
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Fig. 987.—Fracture of metacarpal bones showing flexed position with dorsal projecting spur 
(McNealy and Lichtenstein, Surg., Gynec. and Obst.) 
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Fig. 988.—Illustrating mechanisms of deformities produced by the action of the intrinsic 
muscles and tendons with suggestions of means for overcoming these deformities. (McNealy 
and Lichtenstein, Surg., Gynec. and Obst.) 


A summary of the metacarpal and phalangeal deformities with general 
principles of management may be found in Fig. 988. 


FRACTURES OF THE METACARPAL BONES 


The third and fourth metacarpal bones are the ones most commonly 
broken. The fracture is due to a blow upon the knuckles. 

Symptoms.—The deformity is characteristic. The very considerable 
swelling often obscures the outline of the bones, but palpation detects the 
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lower end of the upper fragment in the dorsum of the hand, while the 
upper end of the lower fragment is sometimes felt in the palm of the hand. 
This deformity is characterized by a loss from the line of the knuckles of 
that knuckle corresponding to the fractured metacarpal (Figs. 992, 993). 





Fig. 989.—Fracture of the Fig. 990.—Fracture of Fig. 991.—“‘Stave’” frac- 
base of the metacarpal bone the base of the metacarpal ture of the thumb. Note 
of the thumb. Rather bone of the thumb. Note joint involved. Note dis- 
oblique, with considerable the bowing of the frag- placement of shaft of thumb 
displacement of thumb to- ments backward. metacarpal. 


ward the wrist. 


Pain and crepitus are present. The hand cannot be closed tightly on 
account of the swelling and pain. 

To obtain crepitus easily and to assist in reducing the fracture it is best 
to grasp the finger corresponding to the fractured metacarpal with the 





A B 


Fig. 992.—A, Fracture of neck of fourth metacarpal bone. Swelling of finger and knuckle. 
Knuckle has dropped downward toward the palm. B, Normal hand. Line of knuckles shown. 
Contrast with A. 
whole right hand, steadying the injured metacarpus with the left hand, 
and then to make steady and continuous traction (Fig. 994). The distal 
fragment is so short and movable that unless this method is used to steady 
the fragment it will be difficult to determine crepitus and to reduce the 
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fracture. This fracture heals readily. Occasionally, however, a suppura- 
tive process may complicate recovery even when the fracture is not an 
open one. 

Bennett's fracture, commonly designated “stave” of the thumb and 
“punch fracture,” should be mentioned here. The fracture is usually 





Fig. 993.—Fracture of the fourth metacarpal bone. View of two hands from behind: A, 
Normal line of knuckles. B, Knuckle of the ring finger has dropped downward. Deformity 
well shown. 


caused by a blow on the end of the thumb. The right thumb is oftenest 
involved. The bone is driven against the trapezium. It is a fracture of 
the proximal end of the metacarpal of the thumb, oblique, and into the 
joint with the trapezium. The metacarpal bone is displaced backward. 
There is great disability in opposing the thumb and index finger. Grasping 
small objects is impossible. Pressure upon the ball of the thumb is painful. 





Fig. 994.—Method of grasping hand and finger in examining for fracture of metacarpal bone, and 
in reducing such a fracture. 


The injuries likely to be mistaken for this fracture are subluxation of 
this same joint, a sprain of this joint, and a contusion of this part. 

Treatment.—After reducing the fracture of the metacarpal bone by 
traction and pressure, as suggested, it must be held in place by special 
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padding, for the deformity tends to recur. The hand and forearm are 
supported upon a properly padded palmar splint. A pad is placed in the 
palm over the prominent lower end of the metacarpal. Another pad is 
placed upon the dorsum of the hand over the upper fragment. These pads 
are secured by narrow strips of adhesive plaster. The whole is then ban- 
daged. If after carefully padding the two fragments and immobilizing 
them the deformity is reproduced, the fragments slipping by each other, 





Fig. 995.—Fracture of the neck of the second metacarpal. Method of securing extension. 
Note adhesive plaster, rubber tubing, peg, padding to finger, pad over proximal fragment. 
Counterextension by adhesive plaster about wrist. Ready for the application of a bandage. 


it may be necessary to make permanent traction upon the finger (Fig. 
995). This is best done by applying narrow adhesive plaster straps to 
the sides of the finger held in place by circular and oblique straps. The 
hand rests upon the palmar splint. An adhesive plaster circular band 
passed about the wrist and splint offers continuous countertraction. If the 
band is carried between the thumb and forefinger, greater security is ob- 





Fig. 996.—Fracture of the metacarpal of the index finger. Use of roller bandage. Position of 
roller bandage. Method of traction and countertraction. 


tained, and there is much less likelihood of slipping of the plaster. The 
extension upon the finger is obtained by fastening the extension strips to 
small pieces of rubber tubing, and carrying the tubing around a wooden 
peg or screw passed through a hole in the splint. 

If it is not possible to hold certain fractures of the metacarpal bones 
accurately adjusted by ordinary nonoperative means, operation and direct 
treatment are indicated. 
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A brad, nail, or screw carefully placed will often afford a perfect re- 
covery of form and function. 

A simple contrivance for certain fractures with little displacement is 
the use of a roller bandage (Figs. 995-998, inclusive). A roller bandage of 





Fig. 997.—Fracture of the metacarpal of the index finger. Completion of traction. Pressure 
and counterpressure by thumb on the dorsum and on bandage in the palm of the hand. 


cotton cloth that is firmly and not easily compressed and of a size com- 
fortable for the hand to grasp is selected. This is placed in the palm of 
the extended hand; the fingers and metacarpal heads are drawn down firmly 





Fig. 998.—Fracture of the metacarpal of the index finger. Completion of the application of the 
dressing. Adhesive plaster straps holding hand and roller bandage in position. 


over it. This position is maintained by a broad strip of adhesive plaster 
around the whole hand. Pads, as with the palmar splint, may be used to 
reinforce the roller bandage. Unless great care is exercised this method 
will result in posterior bowing of the metacarpal bone. If there is an an- 
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Fig. 999.—Common fracture of the neck Fig. 1000.—Oblique fracture, “stave” 
of the fourth metacarpal bone with some ime the base of the second metacarpal bone. 
paction. Joint opened. 





Fig. 1001.—Fracture of the shaft of the fifth Fig. 1002—Comminuted fracture of the 
metacarpal bone. first phalanx of the index finger without serious 
displacement. 


terior displacement of either or both fragments easily reduced and easily 
held, this roller bandage apparatus is very efficient in maintaining reduc- 
tion of the deformity. 

49 
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Fig. 1003—Transverse fracture of the Fig. 1004.— Unusual fracture of the base of 
first phalanx of the thumb, with some dis- the terminal phalanx of the thumb. 
placement and sliding by of distal fragment. 
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Fig. 1005.—Showing diagrammatically the line of | Fig. 1006.—Oblique fracture of the 


fracture at the base of the first metacarpal bone. Ben- fifth metacarpal bone near its base. 
nett’s fracture. Note that the joint is involved. 








Fig. 1007.—Fracture of the finger. Fig. 1008.—Finger splint of copper wire 
Wooden splint applied to the palmar surface. applied. 
Note straps and length of splint. 


TREATMENT wa 


This apparatus should be carefully inspected each day during the first 
week, to be sure that the position obtained is held firmly. After three 
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Fig. 1009.—Fracture of the first metacarpal bone. (Robinson.) 








Fig. 1010.—Application of splint wood strips to lengthen extension trough in plaster spica to 
beyond the up of the thumb. (Robinson.) 


weeks the splint may be omitted. Massage during the third week will be 
of benefit. Great care must be exercised in the use of the hand following 
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the removal of the splint until the fourth week is passed, for deformity 
may result. 





Fig. 1011.—First plaster of Paris spica applied. Operator’s left thumb should rest at O to de- 
press plaster at the seat of fracture. (Robinson.) 





Fig. 1012.—Dressing completed. Splint wood withdrawn. Extension strips drawn tight over 
end of plaster trough and buckled. (Robinson.) 


For the treatment of a Bennett fracture of the thumb a small palmar 
splint with traction upon the thumb and local pressure over the back- 
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wardly dislocated fragment is good treatment. Robinson’s device for ac- 
complishing traction and local pressure is shown. In cases difficult to 
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Fig. 1013. Fig. 1014. 
Figs. 1013, 1014.—Traction finger splint for single finger and for more than one finger. (Hawley.) 





Fig. 1015. Fig. 1016. 
Fig. 1015.—Finger splint applied to middle finger, three straps. Note position of splint in 
palm of hand. 
Fig. 1016.—Finger splint of aluminum or tin, anterior surface. 


hold, this method will be found efficient. After about two weeks gentle 
active motion is allowed. Massage should be begun the day following the 
injury. 
FRACTURE OF THE PHALANGES 

The bones lie subcutaneously; fractures of the phalanges are, accord- 
ingly, comparatively easy to detect. Fractures near the articular surfaces 
are hard to detect because joint crepitus is deceptive. The so-called “base- 
ball finger” may, in many instances, be associated with a fracture of the 
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head of the metacarpal bone, and, involving the joint, occasion a slow con- 
valescence. The “baseball finger” is a fracture of the dorsal articular 
facet of the distal phalanx where the extensor tendon is inserted. The 





Fig. 1017.—Palmar wooden thumb splint. Note shape, pads, straps, position. 


small fragment of bone detached is accompanied by an inability to extend 
the distal phalanx and if untreated results in a drop terminal phalanx, 





Fig. 1018.—Lateral splint of wood for fracture of the thumb. Note pad at the side of first pha- 
lanx, to correct lateral deformity. 


“drop joint.” If the distal phalanx is held in a straight splint in hyper- 
extension for at least thirty days the result will be good (McNealy). 


Symptoms.—Crepitus, pain, and abnormal mobility are present, and 
occasionally deformity is seen. 


TREATMENT res, 


Treatment.—It is important that the alignment of the phalanx be 
maintained. Rotation of the lower fragment upon its long axis is especially 
to be guarded against. Temporarily, if there is much swelling, the broken 
finger may rest upon a palmar splint, the two adjoining fingers serving as 





Fig. 1019.—Methods of attaching traction to the hands and fingers. Cotton glove glued to 
hand. Curtain rings sewed to fingers of glove by means of tape. Traction made by laced cord, 
thus equalizing traction on the digits. (Blake.) 
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Fig. 1020.—Methods of attaching traction to the hands and fingers. Curtain rings attached 
to digits by strips of adhesive, traction by individual weights, thus permitting greater latitude 
of movements of individual digits and exact determination of the amount of traction. (Blake.) 
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Fig. 1021.—Methods of attaching traction to the hands and fingers. Cotton glove glued 
to hand. Curtain rings sewed to tips of fingers of glove. Traction by rubber elastic. This 
method is inferior to that shown in Fig. 1019 as regards attachment of traction, and to that of 
Fig. 1020 as regards application of traction. (Blake.) 


lateral splints to steady it. The contiguous skin surfaces must be pro- 
tected by strips of cotton cloth and a drying powder. Traction, manipula- 
tion, and leverage are effective. 

A single splint of thin wood, extending from the middle of the palm of 
the hand to the fingertip, and held in position by adhesive plaster straps, 
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is most useful (Fig. 1007). The splint wood used should be cut thin and 
not left thick and bungling—half the thickness of the wood of an ordinary 
cigar box is about right. The splint should be a little narrower than the 
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Fig. 1022.—Thumb splint: a, Pattern—measurements are in inches; b, position of splint. Note 
extension of thumb. (After Goldthwaite.) 


finger itself. A narrow cotton bandage applied over the finger or a simple 
cot to cover the finger will be comfortable and will assist in immobiliza- 
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Fig. 1023. Fig. 1024. Fig. 1025. Fig. 1026. 
January 24, 1931 February 24, 1931 April 27, 1931 May 25, 1931 


Figs. 1023-1026.—A typical fracture through the proximal third of the distal phalanx. 
The fracture line is quite distinct one month after injury. Three months after the injury, the 
fracture line is much less distinct, and there is a slight amount of callus laterally. Four months 


after the injury, the fracture line is no longer discernible and the external callus has largely 
absorbed. (Smith and Rider.) 


tion. Ordinary letter paper, by continued folding, may be made into a 
narrow and suitable splint. This is simple and efficient. It should be held 
in place by a bandage or, preferably, by a cot. Ordinary copper wire may 
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be used, as shown in the illustration, without any padding (Fig. 1008). 
This serves as a proper protection after the first week or two, and is not so 
clumsy as other splints. The aluminum or tin finger splint is easily made 
and satisfactory (Figs. 1015, 1016). Any displacement in this fracture may 
be easily adjusted by narrow adhesive straps and small pads. 

Fractures of the first and second phalanges of the thumb may be satis- 
factorily treated after reduction upon a dorsal or lateral splint of wood, if 
proper padding is employed (Figs. 1017, 1018). Frequently, however, the 
tin splint fitted to the cleft between the thumb and forefinger, as shown 
in the illustration (Fig. 1022), will immobilize these fractures more 
securely and comfortably. 

Open Fractures of the Phalanges.—These may be followed by profuse 
suppuration from necrosis of the fractured bones. They are to be treated 
with extreme care, especially as regards antisepsis. Immobilization should 
continue at least four weeks. If at the end of this time union has not 
occurred, the patient may be given the option of continuing the treatment 
or of having the finger amputated. If union does not occur after four 

















Fig. 1027. Fig. 1028. Fig. 1029. Fig. 1030. 
April 17, 1931 May 15, 1931 


Figs. 1027-1030.—Roentgenograms showing a diagonal splitting fracture of the distal phalanx 
(Smith and Rider.) 


weeks of careful treatment, it is highly improbable that it will ever occur. 
Resection of the bones may be attempted before amputation. 

Smith and Rider conclude after a study of the healing of finger frac- 
tures: 

1. The average time for bony healing of complete phalangeal fractures 
of all types as shown roentgenographically is approximately five months. 

2. Clinical healing requires about one fourth the time required for w-ray 
healing. 

3. The fracture lines are usually more distinct at the end of thirty days 
than at the time of the injury. 

4. Single or multiple chip fractures in the tips of the distal phalanges 
practically always reunite and give a normal appearing contour to the 
distal phalanx. 

5. No callus is seen in a chip fracture at the tip of the distal phalanx. 
There is more callus formation in the proximal phalanges. 

6. In no cases studied has there been absorption of any of the loose 
fragments. 
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7. It cannot be assumed that there is a lack of bony union until at least 
one year has elapsed. The accompanying z-rays illustrate the findings 
































Fig. 1031. Fig. 1032. Fig. 1033. Fig. 1034. 
June 17, 1931 August 4, 1931 September 17, 1931 October 16, 1931 


Figs. 1031-1034.—Roentgenograms showing the progressive healing of the fracture as it 
fills in with new bone from within outward. There was complete healing at six months. (Smith 


and Rider.) 














Fig. 1035. Fig. 1036. Fig. 1037. Fig. 1038. 
March 16, 1931 April 17, 1931 June 16, 1931 July 12, 1931 


Fig. 1035-1038.— A typical fracture through the distal third of the middle phalanx. It is 
seen that this fracture line disappeared progressively until ultimate healing occurred four months 
after the injury. (Smith and Rider.) 


regarding the relatively late solidification of the fracture line (Figs. 1023- 
1038). 


CHAPTER XXXII 


PERIPHERAL NERVE INJURIES ASSOCIATED WITH 
FRACTURES 


Au fractures should be examined for injuries to blood vessels, nerves 
and muscles. Nerve injuries are found associated with fractures quite 
commonly. They are overlooked because of the hasty and casual examina- 
tion given fracture cases. Many of the slight injuries to nerves are noted 
or might be missed in an otherwise careful examination. Many of the 
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Fig. 1039.—Sagittal section to illustrate relation of median nerve in the region of the wrist. 
Note the close relationship which the transverse carpal ligament and the prominent lower an- 
terior border of the radius bear to the median nerve. (Surg., Gynec. and Obst., Oct., 1933.) 


injuries that are severe undergo spontaneous or natural recovery of the 
paralysis without treatment. 

Classification.—The lesions of the peripheral nerves according to the 
time of the appearance of the nerve involvement are conveniently divided 
into (a) primary, (b) secondary, and (c) late lesions. 

(a) A primary lesion occurs at the time of the injury to the bone. It 
is often overlooked at the outset. Its presence may be evident on the 
removal of the splint for the first time. The patient may first direct atten- 
tion to it. The injury to the nerve may be a simple contusion or a com- 
plete division of the nerve trunk. 

779 
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(b) The secondary lesion develops gradually during the healing of the 
fracture. It is usually due to a stretching of the nerve over growing callus 
or a displaced fragment of bone, a compression by bone fragments, or it 
may be due to an inclusion of the nerve in callus or cicatricial tissue. 

(c) The late paralysis is peculiar in that it makes its appearance many 
years after the fracture occurred. It comes so long after the original injury 
that in some cases the accident has been entirely forgotten. It is absolutely 
essential that very careful examinations for nerve injury should be made 
whenever fracture cases are first seen. Moreover, those fracture lesions 
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Fig. 1040.—Effects of injection of sheath of median nerve in palmar flexion and in extension. 
On the right, arrest of colored solution at proximal border of transverse carpal ligament. On 
the left, passage of solution into palm of hand. (Surg., Gynec. and Obst., Oct., 1933.) 


which are liable to subsequently be the cause of nerve difficulties should 
be so treated as to prevent subsequent neurological symptoms. 

I will record here the findings of Lewis and Millert in some detail. 
These accumulated facts summarily presented represent the literature and 
the experience at the Presbyterian Hospital, Chicago, a grouping of 239 
cases of peripheral nerve injuries associated with fractures. These facts 
will serve to determine the common lesions. A knowledge of the possi- 
bilities will assist in their detection, care, and prevention. Of the 211 
cases of nerve paralysis in which a record was made, 42 per cent were 
secondary, 24 per cent were primary, and 22 per cent were late paralyses. 


1 Lewis, Dean, and Miller, E. M.: Trans. Amer. Surg. Assoc., vol. xl, 1922, p. 489. 
Miller, E. M.: Surg., Gynec. and Obst., vol. xxxviii, 1924, p. 37. 
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It is very likely that many of the secondary lesions were really primary, 
but overlooked. Of the late paralyses, the greater majority (87.6 per cent) 
were associated with fractures of the lower end of the humerus. Of the 
nerve injuries associated with fractures, 57.6 per cent were of the musculo- 
spiral nerve; 25.4 per cent were of the ulnar nerve; 5.5 per cent were of 
the median nerve. 

The musculospiral injuries are associated with fractures of the middle 
third of the humerus in 36 per cent and of the lower third of the humerus 
m 32 per cent. 

The ulnar nerve injury in 90 per cent is associated with fractures of 
the lower third of the humerus. 
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Fig. 1041. Fig. 1042. 


Fig. 1041.—Roentgenogram after injection of the sheath of the median nerve with 
lipiodol with the wrist held in acute palmar flexion. The solution is arrested at the level of the 
transverse carpal ligament. (Surg., Gynec. and Obst., Oct., 1933.) 

Fig. 1042.—Roentgenogram after injection of the sheath of the median nerve with lipiodol 
with the wrist held in extension. In this position the solution flowed freely into the palm of the 
hand. Dispersion of the solution into the surrounding tissues was due to rupture of the sheath 
of the nerve during the injection. (Surg., Gynec. and Obst., Oct., 1933.) 


The median nerve injuries in 75 per cent are associated with fracture 
of the lower third of the humerus. 

In fracture of the lower third of the humerus the surgeon must be con- 
stantly mindful of nerve lesions, either musculospiral, ulnar, or median. 
Of the cases of primary paralysis, 77 per cent were of the musculospiral 
nerve; of the cases of secondary paralysis, 69.6 per cent were of the mus- 
culospiral nerve; of the late paralyses, 94 per cent were of the ulnar nerve. 

It may be often difficult to differentiate between physiological interrup- 
tion of the nerve current and anatomical division of the nerve by the most 
exact and careful neurological examination. 

It is the conclusion of Lewis and Miller, with which I agree, that if 
recovery has not commenced within three months after the injury the 
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nerve involved should be explored and those surgical procedures carried 
out demanded by the findings in the case. It may be found that a 
neurolysis will most often be required. 

A resection of the humerus should not be done for end-to-end suture of 
the musculospiral nerve. 

Injury to the Median Nerve in Fractures of the Lower End of 
the Radius.A—This injury to the median nerve is associated with treatment 
of such fractures in acute palmar flexion. The injury may result in in- 
complete and transient signs which are unrecognized. Injuries to the 
median nerve, caused by palmar flexion are due, according to Abbott, to 
pressure in the nerve between the proximal margin of the transverse 
carpal ligament and the distal anterior border of the radius. 

The anatomy of the median nerve at the wrist is seen in Fig. 1039. 
The pronator muscle protects the nerve from fragments of bone. The 
median nerve carries most of the sympathetic nerve supply to the hand. 
This explains resulting trophic disturbances when the median is injured. 
See Figs. 1040-1042, illustrative of experimental injection of sheath of 
median nerve in two positions. 
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Injury to the musculospiral nerve is a serious accident and demands 
careful consideration. It is a lesion that is overlooked and is often dis- 
covered unexpectedly. Musculospiral paralysis is an infrequent complica- 
tion of fracture of the humerus and occurs chiefly in fractures of the middle 
third of the bone; a little less frequently it occurs in fracture of the lower 
third, and, rarest of all, it occurs in fracture of the upper third of the 
humerus. Musculospiral paralysis occurs in from 4 to 8 per cent of the 
cases of fracture of the humerus. 

It is possible to have a musculospiral paralysis in a case of fracture of 
the humerus from causes entirely independent of the fracture. 

Moreover, the fracture of the humerus is not the only bone fracture 
which may damage the musculospiral nerve; ulnar fracture in the upper 
third has been attended by symptoms pointing to involvement of the 
posterior interosseous nerve. 

Anatomical Facts——The musculospiral nerve pursues its course through 
the upper arm in close relation to a solid structure—the humerus—and 
maintains its closest relation with the bone and periosteum in its middle 
third (Fig. 1043). This portion of the nerve is not embedded in soft tis- 
sues. Moreover, its course is spiral, thus subjecting itself peculiarly to 
traumata resulting from displacement of fragments. 

Before the nerve enters the groove or just about at that point it gives 
off three cutaneous branches which are described as supplying the upper 
arm; these branches run more in the muscle tissue and preserve their func- 
tion in the large majority of traumatic paralyses of the musculospiral. 

Primary and Secondary Paralysis—Cases of musculospiral paralysis 
associated with fracture of the humerus are divided into two broad divi- 
sions (Riethus) based on the time when symptoms of nerve involvement 
appear. Thus they are: (1) immediate or primary, and (2) secondary. 


1Surg., Gynec. and Obst., Oct., 1933, vol. lvii, 507-516. 
2 See paper by Scudder and Paul, Annals of Surgery, December, 1909. 
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A further subdivision of the primary cases is made into: (a) the nerve 
is damaged by the injury, (b) the nerve is damaged by the bone (Gold- 
stein) . 

The symptoms of nerve impairment appear immediately in the primary 
cases and stress is laid on the importance of examining every fractured 
humerus with reference to neural integrity. Many times after the recog- 








Fig. 1043.—Relations of musculospiral nerve on outer side of arm (from dissected specimen) : 
a, Acromion; b, deltoid; ¢, trapezius; d, triceps; e, musculospiral nerve; f, brachialis anticus; 
g, h, extensor group; 7, humerus; j, triceps; k, olecranon. 


nition of paralysis of the musculospiral nerve uncertainty of its duration 
has had to be admitted by the attending surgeon. 

The secondary cases are those in which musculospiral paralysis devel- 
ops from nerve compression or stretching during the course of osseous 
repair. The secondary cases are further divided (Fessler) into (a) those 
occurring during the primary fracture healing process, and (b) those sub- 
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sequent to fracture healing. In the latter variety necrosed bone, a pseudo- 
arthritis or a fistulous tract may be the cause. 





oh 

Fig. 1044—Double fracture of Fig. 1045.—Appearances of musculospiral par- 
humeral shaft. Immediate musculo- alysis following fracture above the condyles of the 
spiral paralysis. Union of bones in six humerus. Note the wristdrop in completely relaxed 


weeks. Operations to free nerve from position of wrist. (After Pedro Chutro, Buenos 
lower fragment. Sensation and mo- Aires.) 


tion returned. Same case as Fig. 1046. 


Musculospiral nerve injury may complicate fracture of the humerus at 
any age, and has been known to occur with obstetric fracture; infants and 
adolescents present numerous examples of paralysis. 
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Fig. 1047—Double fracture of the hu- 
merus. Paralysis of the musculospiral nerve. 
Immediate union of bone. Suture of nerve 
found caught between fragments. Gradual 
eg Same as Fig. 1046. (a-Ray trac- 
ing. 





Fig. 1046.—Same as Fig. 1047. Lateral 


view to show displacement of fragment. (a-Ray 
tracing.) 


Etiology—tThe principal factor in the etilogy is the anatomical rela- 


tion of the musculospiral nerve to the humerus, especially in the middle 
third of the bone. 
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In the primary cases coincident with or immediately following the frac- 
ture the nerve may be contused, stretched, divided partially or completely, 
pinched between the fractured ends, or be impaled by a splinter. 

The secondary cases are comprised largely in one class, namely, callous 
inclusion of the musculospiral nerve, which by pressure, as is generally 
assumed, impairs the function of the nerve until even total paralysis is de- 





Fig. 1048.—One year after suture of musculospiral nerve. Note relaxed position of hand. (Mas- 
sachusetts General Hospital Clinic.) 


veloped; or if the callus gives a free tunnel for the nerve it undergoes 
stretching to a degree that suspends more or less completely its functions. 
Even if the nerve is not included in the callous tissue, but is pushed before 
it, the course of the nerve over the rounded mass may result in a stretching 
with loss of function. 





Fig. 1049.—One year after suture of the musculospiral nerve. Note powerful extension of wrist. 


(Case of H. H. A. Beach, Massachusetts General Hospital Clinic.) 


Symptoms.—The symptoms of musculospiral involvement at the time 
of fracture or during repair are largely those of motor impairment or com- 
plete motor loss. The forearm extensor muscles controlling the wrists and 
digits lose either partially or completely their power; and some degree of 
anesthesia may be established in the radial nerve supply. The sensory 
loss is found chiefly on the dorsum of the hand between the metacarpal 
bones of the thumb and forefinger, the so-called “punctum maximum” of 
anesthesia. 

50 
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In general, the sensory symptoms have no relation to the degree of 
motor loss. It is said (Fessler) that sensory disturbance follows primary 
paralysis only and that secondary paralysis has no sensory disturbance. 

The symptoms are largely motor; the paralyzed muscles are: extensor 
ossis metacarpi pollicis, extensor communis digitorum, extensor carpi 
radialis, extensor carpi ulnaris, extensor longus pollicis, extensor brevis 
pollicis, extensor indicis, extensor minimi digiti, and supinator longus and 
brevis. 

The position assumed by the arm and hand in musculospiral paralysis 
is flexion of the fingers at the metacarpophalangeal joints with ulnar ab- 
duction and flexion of the wrist; the latter is extreme if division of the 
nerve exists and is only partial if continuity of the nerve is preserved; the 
thumb is adducted and the forearm pronated (Figs. 1044, 1045). 

In primary paralysis or paresis the onset is as sudden as the break of 
the bone. The secondary cases may develop insidiously along with the 
compression, with formications and sharp pains along the nerve and func- 
tional failure by degrees. 

No definite time can be set when the callus interferes with nerve func- 
tion, but in a general way it is in the second week or later. It is important 
to ascertain whether a period of preservation of function of the nerve im- 
mediately follows the fracture. The motor and sensory disturbances set in 
practically simultaneously in secondary cases (Riethus). 

Trophic disturbances other than muscle wasting are rare, but may 
occur, and in exceptional cases the nails, skin, and cellular tissue may show 
nutritional deterioration. 

Callous incarceration of the musculospiral with total paralysis may be 
attended by neuralgic pain, especially on movement. 

From callous irritation the perineurium may proliferate in a spindle- 
like thickening, forming a sort of neuroma. On the other hand, the nerve 
may be flattened and thinned. 

Prognosis —The prognosis in a general way is favorable to recovery in 
the large majority of cases which have had the benefit of operative pro- 
cedure. According to Bruns, 50 per cent of all cases require operation. 

Some cases have been operated on a second and a third time. There 
exist records of cases operated on sixteen months and three and one-half 
years after fracture, with restoration of nerve function. In general, the 
longer the duration of paralysis, the less favorable the prognosis. 

The time of improvement after operation varies from a few weeks or 
even days to months; generally it begins in three to four months and final 
cure is completed in about a year’s time. One case (Riethus), with resec- 
tion of the humerus, recovered in two years, improvement setting in first 
after one year. 

Cases are recorded of quick return of sensation in one day, in two days, 
and eight to ten days after operation. The general law seems to hold true 
for the musculospiral, that sensation returns before motion after paralysis 
of both. 

Electric reactions in some measure are of prognostic aid, but their 
value is limited because they cannot indicate the pathological condition. A 
complete reaction of degeneration is more unfavorable than a partial one, 
and though it would make the prognosis grave, is by no means a contra- 
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indication to operation. But a change in the character of the reaction of 
degeneration is perhaps of most significance, being unfavorable when the 
negative current response of the muscle is less than the positive. Most 
favorable is the presence of faradic response in the nerve, which, however 
is usually subsequent to evidence of voluntary return. 

Indictions for Operation—What are the indications for operation in 
musculospiral paralysis complicating fracture of the humerus and its heal- 
ing? Every case of paralysis, whether primary or secondary, requires care- 
ful study as to the question of operation. The pathological condition of 
the nerve is the vital point, and, unfortunately, similar symptoms may 
attend a varied pathological condition; there is not even a pathognomonic 
symptom of complete division of the nerve. 

Of more importance than the fact of some failure of function in the 
musculospiral is the time this loss of function has persisted and whether it 


> 





Fig. 1050.—Note ununited humerus twelve years after injury. Muscles seen in powerful 
contraction. When muscles are at rest the arm hangs straight at the side. Wristdrop is still 
present. (Massachusetts General Hospital Clinic.) 


is getting less or increasing. Many cases have recovered without opera- 
tion. Many other cases are reported in which exploration was unneces- 
sary; if primary paresis persists and increases, then operate. If four to 
six months pass without improvement, operation should be resorted to. 
Secondary paralyses never recover spontaneously, so that operation is 
always indicated in this class of case. Moreover, it should be done early, 
though late interference has proved beneficial. A case of primary paralysis 
should not be operated if the symptoms are not increasing. 

The roentgen ray has been of service. First of all, it demonstrates the 
position of the bones. Good alignment would assure the surgeon that the 
nerve was not on a stretch continuously. A large shadow of callus would 
be of corroborative value in secondary cases. The information as to the 
nerve is indirect, for, after all, we have to infer what may have happened 
to the nerve from what is found as to the condition and position of the 
bone. 
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The results of electrical findings are of some aid in demonstrating the 
degree of paralysis present, and may be of the greatest help in determining 
functional restoration or impairment. But the pathological condition and 
the pathological future of the nerve are the essentials to be determined as 
nearly as possible; and the knowledge of the electrical reactions helps only 
a little. A contusion cannot be distinguished by the electrical reaction 
from damage due to callus or even a complete division of the nerve. 

In the treatment of these cases the question of operation requires con- 
servative consideration. If a given case is going to get well with treatment 
other than resection, suture, or operative release of the nerve, operative 
interference is not required. On the other hand, if permanent paralysis of 
the extensors is inevitable, an operative procedure is demanded. But such 
definite knowledge is not attainable in every case. In the consideration of 





Fig. 1051.—Note left wristdrop sixteen years after accident. Note atrophy of forearm and hand 
muscles. (Massachusetts General Hospital Clinic.) 


individual cases we should approximate as nearly as possible this ideal 
attitude before rendering an opinion as to operation. 

A careful operation, even if unnecessary, would not interfere materially 
with ultimate recovery, while an error in failing to operate would be most 
regrettable. So it seems advisable, on the whole, to favor surgical investi- 
gation in cases in which doubt exists. 

The time of operation is to be chosen at as early a date after symptoms 
of paralysis appear as possible. The later degenerative changes in both 
nerve and muscle are thus reduced to a minimum, and in the progress of a 
partial but increasing paralysis may be arrested. 

Indications for or against operative procedure turn on the pathological 
diagnosis. The more severe the trauma, the greater the probability of 
some tearing through the nerve or even complete division, especially if 
there has been much rotation of the peripheral fragment, or it has been 
for a moment pulled apart from the proximal fragment, or the two frag- 
ments have been displaced out of line or at an angle; and in such a position 
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that nerve on the stretch may be worn through by an edge of bone. Such 
conditions, as well as that of being caught between the fractured surfaces 
and transfixion by a splinter of bone, are among the rarer complications 
pathologically; but if they exist, operation is imperatively required at an 
early stage. The description of an illustrative case follows: 

An adult, thirty years old, physically fit. Automobile accident. Com- 
minuted fracture of upper half of shaft of left humerus. Lines of fracture 
extending into the head of the bone. Greatest comminution at deltoid 
insertion. Immediate and complete musculospiral paralysis. Musculo- 
spiral nerve probably severed. 

Query: Should operation be done at once (a) on the bone, and (b) on 
the severed nerve? 





Fig. 1052.—Note atrophy of shoulder and upper arm muscles on the left side sixteen years fol- 
lowing unsuccessful suture of musculospiral nerve. (Massachusetts General Hospital Clinic.) 


(a) It was decided to use traction and suspension of upper arm and 
forearm with coaptation splints to fractured region, allowing the bone to 
unite, and (b) then at a subsequent date repair the damage to the nerve. 
That is, after about four or six weeks. It was thought that the damage to 
the nerve by this delay would not be great and that the ultimate recovery 
of the nerve was so certain to follow that the treatment of the nerve 
injury should give way in precedence to the very important fact that 
nonunion of the humeral shaft fracture is common, that securing union of 
the bone will not preclude perfect restoration of function of the damaged 
musculospiral. Moreover, it was thought that the probability of severance 
of the nerve might be replaced by the diagnosis of very severe contusion 
of the nerve which while the bone is healing might become evident in a 
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beginning return of nerve function. Thus delay might remove the neces- 
sity for operation. 

In the case cited the fracture of the humerus united normally and the 
function of the musculospiral nerve began to be established at the end of 
about ten weeks. 

If in primary paralysis of the musculospiral attending fracture of the 
humerus the anatomic continuity of the nerve is assured, nature can be 
relied on to restore function, provided the tension on the nerve is not. ab- 
normal and compression by new tissue is not superimposed in the process 
of repair. Good and gentle adjustment of .the bony fragments largely 
insures against the nerve being kept on the stretch continuously. The 
complication of callous compression cannot be specially guarded against. 
If partial recovery of a primary paralysis is followed by a recurrence of 
the paralysis during callus formation we should then have to consider it 
a case of secondary paralysis. 

Secondary paralysis of the musculospiral embrace the larger number of 
cases. A partial and moderate paralysis not increasing and with a partial 
reaction of degeneration offers the best chance for restoration of the nerve 
without operation. Again, if a stage of improvement sets in, it would be 
wise not to interfere surgically, but try to cause absorption of the callus 
and cicatrix by massage and electricity so as to free the nerve (Neuge- 
bauer) . 

Increasing paralysis, however, especially if it becomes complete, jus- 
tifies surgical exploration or, rather, demands it. Moreover, a condition of 
paralysis that is stationary would indicate operation. 

In primary cases a divided nerve is to be sutured; if any condition is 
found that keeps the nerve on a stretch, readjustment of the bone frag- 
ments is indicated; if the nerve is caught between bony surfaces it is to be 
made tree, and impaling splinters should be removed. Resection of the 
humerus may be necessary to approximate nerve ends. In all cases a 
proper bed for the nerve must be provided. 

The secondary cases have received more attention by ingenious oper- 
ators in their efforts to prevent repetition of compression. In most cases a 
clear channel is, to be sure, made for the nerve by simply removing com- 
pressing tissue. The nerve has been further safeguarded by adjusting soft 
tissues, muscle, fat, or fascia about the nerve in’ such a way as to render 
impossible recurrent callous inclusion and pressure. 

The ideal nerve suture requires end-to-end apposition for all nerves, 
including the musculospiral. ; 

Grafting, suture a distance, hetero- and autotransplants, etc., are of 
doubtful value. Measures to attain end-to-end suture at times may in- 
volve the sacrifice of other tissues or a new and shorter path for the nerve. 

Just what the detailed operative procedure in both primary and sec- 
ondary paralysis will be cannot be determined beforehand unless the oper- 
ator obtains an accurate conception of the pathological conditions. 

In an analysis of the Massachusetts General Hospital cases the follow- 
ing facts are of importance: 

There is a total of 11 cases in which the énd-results are known. The 
important facts in these cases are tabulated. In the table are placed the 
cases showing the time that elapsed between the date of operation and the 


FACTS OF IMPORTANCE CONCERNING MUSCULOSPIRAL PARALYSIS 791 


accident and between the date of operation and the last observation of 
the patient, together with the functional result recorded at the last exam- 
ination. 

Eight cases of the 11 have no wristdrop at present. Three cases 
showed no improvement in the nerve function following operative inter- 
ference. 

Of these 3 cases, 1 died three years following suture of the nerve, show- 
ing no improvement in the nerve function; another has had three unsuc- 
cessful operations for ununited fracture of the humerus at intervals of six 
to eight years; the third case had at the first operation the nerve freed, 
resected, and sutured, and at the second operation the bone shortened by 
resection, the nerve found bulbous, resected and sutured. After sixteen 
years there is no return of function in the nerve. 


Cases or Muscunosprrat Pararysis, Massacnuserts GrneraL Hosprrau CLrintc 
(Tabulated according to time elapsed) 











Interval interval 
between etween 
No.| Date of accident. Date of operation. accident Bit end Garo: Tact Opes 
An observation. ae final 
° observa- 
operation. ara 
He May 11 901 eee Septa 21d 90 manne 416 months. | Sept., 1902. No wristdrop. Im- 
DIOMIN GE ae oe EE eee eee 1 year. 
2 '| Dec. 16, 1896...... May 22, 1897.........| 5 months. | Dec., 1906. Excellent result........ 9 years. 
Sean lO0Sen ene April 7, 1908... ....... 3 months. | March, 1908. Perfect result........ 5 years. 
4 | Oct. 11, 1905...... Abbots Se TIONG, 3d scch a ae 3 months. | Jan., 1907. Perfect result.......... 1 year. 
SmPANT On S97 te (CU) Suly1900m ee ee 3 years. 1907. Good functional result. 
(2) August, 1900. Movements about half normal... . . 7 years. 
p (3) July, 1901. 
6 | April, 1900........ Julys1900M. Se eeacer ar 3 months. | Oct., 1903. No improvement....... 3 years. 
Tal ouly el S93) eee ene (1) Dec., 1893, bone... .| 1 year. Feb., 1907. Marked wristdrop.....| 12 years. 
(2) Feb., 1895, nerve. 7 months. 
(3) Feb., 1899, bone. 
(4) Feb., 1907, bone. 
8 | Nov. 17, 1905. ....| Dec. 16, 1905.......... 3 weeks. Dec., 1906. Perfect functional re- 
Sulina acaccrrtsi err tame ins 1 year. 
OnOcts 1890s. IRebr 205 Sola. oars 4 months. | April, 1907. Wrist-drop complete. ..| 16 years. 
10' Now. 18997. 325.2 Jane, 19002 si et ee 7 months. | Dec., 1906. Fair result. Exten- 
sion of wrist possible.............. 16 years. 
11S) March 251899) 22e-| April 27, 1899)..... 2): 3 weeks. Nov. 22, 1900. Perfect result, ex- 
cept extension of thumb........... 1 year, 
7 months. 




















Eight of these cases were badly injured. The trauma was very severe; 
the arm was caught in the shaft or the belt of an engine, or had received a 
gunshot wound, or was crushed by machinery. Most all of the cases were 
operated upon some three or four months following the accident. The 
longest interval between accident and operation was three years. This 
case recovered functional usefulness and the musculospiral supply. Im- 
provement in these cases was first noted six months to one year following 
the operation. 

Facts of Importance Concerning Musculospiral Paralysis.—Of the nerve 
injuries associated with fractures 57.6 per cent are of the musculospiral 
nerve (Lewis-Miller) . 

Fracture of the middle third of the humerus is the fracture most com- 
monly complicated by museulospiral paralysis (36 per cent of the cases) ; 
32 per cent of the musculospiral injuries are associated with fractures of 
the lower third of the humerus. 
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Fractures of the humerus at any age may be associated with musculo- 
spiral paralysis. ; 

Musculospiral paralysis is primary if it dates from the accident, and it 
is secondary if it is subsequent to the accident. 

Primary paralysis of the musculospiral nerve indicates a more severe 
injury to the nerve than does secondary paralysis. 

The diagnosis of the exact pathologic condition of the musculospiral 
nerve following trauma to it is of the greatest importance and is difficult 
to determine. 

Progressive impairment of function or stationary paralysis of the mus- 
culospiral nerve complicating fracture of the humerus justifies and may 
demand operation. 

Operation means the release of the nerve from compression or tension 
and often resection and suture, and always guarding against recurrent 
compression or stretching. 

End-to-end suture is the sound operative procedure for divided mus- 
culospiral and other peripheral nerves. 

A late suture (months after the injury) is attended by technical opera- 
tive difficulties not present in an early suture (soon after the injury) . 

Resection of the humerus to allow of approximation of the divided 
ends of the musculospiral nerve is not a good procedure if it can be avoided. 

Electric reactions cannot determine the pathologic condition. They 
are of value in determining the course of events. 

The prognosis after operation is good; the earlier a necessary operation 
is done, the speedier the cure. 

Exercise of paralyzed muscles by electric stimulation (galvanism) is 
helpful. 

Sensory symptoms are variable; in general, the sensory symptoms have 
no relation to the degree of motor loss. 


LATE ULNAR NERVE PARALYSIS 

A cobbler about forty years of age complained of wasting of the muscles 
of his right hand so that he had difficulty in using his hammer in mending 
shoes. Many years before he had broken his elbow, but aside from a 
deformity at his elbow it never gave him any trouble until six months 
before coming to the surgeon, within which time a complete ulnar nerve 
paralysis had developed. The above case Miller! cites from the experi- 
ence of Panas in 1878 as the first recorded instance of late ulnar nerve 
paralysis. 

The following facts fill up the picture of late ulnar involvement after 
fracture: ; 

The primary cause in practically all cases of late ulnar paralysis is a 
fracture at the elbow in childhood (three to five years) usually of the 
external condyle, resulting in a cubitus valgus deformity. 

Ordinarily the deformity resulting in late ulnar nerve paralysis is occa- 
sioned by a fracture in early life. This is not always so. There are cases 
reported in which the accident occurred in adult life several years before 
the onset of symptoms. The story is divided into three periods of time: 
(1) The fracture; (2) the latent period; (3) the ulnar neuritis. 


1 Edwin M. Miller: Surg., Gynec. and Obst., vol. 38, 1924, peo. 
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Fig. 1053.—Case I. Ununited fracture of the external condyle in childhood. Cubitus valgus. 
Ulnar nerve palsy beginning twenty-two years after the injury. (Miller.) 





Fig. 1054.—Case IT. Ununited fracture of the external condyle in childhood, with growth dis- 
turbance resulting in marked cubitus valgus and complete ulnar nerve palsy. (Miller.) 





Fig. 1055.—Case III. Ununited fracture Fig. 1056.—Case IV. Compound frac- 
of the external condyle in childhood with re- ture involving the external condyle of the 
sultant cubitus valgus. Ulnar nerve palsy be- humerus in boyhood, resulting in a gunstock de- 


ginning thirty-six years after the injury.. formity at the elbow. Onset of the ulnar palsy 
(Miller.) twenty-three years after the injury. (Miller.) 
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Although occasionally the site of the injury may be at the internal 
condyle or in the supracondylar region, in the vast majority of cases the 
line of fracture begins laterally just below the epicondyle and passes 
obliquely downward and inward into the joint, causing complete separa- 
tion of the external condyle (capitellum)—Mouchet’s conception. 

The broken capitellum is displaced laterally and forward, and the frac- 
tured surface is twisted outward, is not accurately reduced by manipula- 
tion, and as a result nonunion of the condyle occurs. The growth of the 
humerus on its lateral side is then interfered with to such an extent that a 
cubitus valgus gradually develops. 

Mechanism of Pressure Paralysis—As the deformity increases the olec- 
ranon process becomes impinged against the medial condyle, the ulnar 
groove becomes but a shallow depression, and the nerve itself displaced 











Fig. 1057.—Case V. Old ununited frac- 
ture of the external condyle of the humerus in 
childhood, with development of cubitus valgus 
and ulnar nerve palsy beginning eighteen years 


Fig. 1058.—Case VII. Ununited fracture 
of the external condyle at the age of four 
years. Cubitus valgus. First signs of ulnar 
nerve palsy beginning fifteen years after the 


after the injury. (Miller.) injury. (Miller, Surg., Gyn., and Obst., 


January, 1924.) 


from its bed, where is becomes subjected not only to stretching when the 
arm is flexed, but to repeated trauma, which in time leads to partial or 
complete ulnar paralysis (Fig. 1059). A chronic interstitial neuritis may 
be in evidence in microscopical study. 

“With repeated ‘slight traumata, such as that due to bruising or to 
stretching of the nerve over bony prominences, small hemorrhages in the 
perineurium and endoneurium result, causing inflammatory reactions and 
the deposit of scar tissue. As the scar tissue tends to contract, many of 
the fibers become strangulated and are eventually destroyed, resulting in 
a gradual and progressive atrophy of the nerve” (Adson). 

Time of Appearance of Paralysis —This paralysis may begin as early as 
three years or as late as forty years after the injury, but in the majority 
(40 per cent) of cases it is noticed between the twentieth and thirtieth 
years after the fracture occurs; 19 per cent of the cases studied by Miller 
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and Lewis were noticed between the tenth and twentieth years; 15 per 
cent were first noticed between thirty and forty years after the accident. 
Further it was learned from the collected cases that 47 per cent of the 
late ulnar paralyses were associated with fractures of the external condyle 
of the humerus; 53 per cent of these late ulnar paralyses were associated 
with a definite and marked cubitus valgus (Lewis and Miller) . 

Treatment of Late Ulnar Paralysis —The paralysis having appeared, the 
treatment which has been employed in numerous instances may be 
grouped: 

1. Correction of the deformity at the elbow by a cuneiform osteotomy 
of the humerus, no operation on the nerve itself being necessary. This was 
the operation done and advocated by Mouchet. 





Ulnar nerve 
' exposed in shallow groove . 
| behind enlarged medial condyle 





i 


Fig. 1059.—Note displaced ulnar nerve. (Miller.) 


2. Simple liberation of the nerve from its bed (Potherat, 1897). This 
operation is inadequate. 

3. Liberation of the nerve at the elbow and replacing it in a new groove 
made by removal of a wedge-shaped piece of bone and lining it with an 
aponeurotic-fascial flap (Broca, 1899, Sherren, 1908). 

4. Transplantation of the nerve to the flexor side of the elbow (1898). 
Friction and tension are eliminated. 

Miller justly thinks that deepening the ulnar groove is open to the ob- 
jection that regeneration of bone may fill the deepened groove and that the 
nerve may become easily involved in scar tissue. 

Miller advocates the method of treatment by which the nerve is trans- 
planted to the flexor side of the condyle. Miller cites his own cases, with 
remarkably uniform and good results. 


1 Mouchet, Albert: Thése de doct., Paris, December, 1898. 
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The following steps may be taken if it is desired to cover the nerve 
with muscle. The ulnar nerve after being freed from its bed is trans- 
planted anteriorly, above the medial epicondyle, into a muscle bed within 
the flexor group of muscles, the tendinous insertion of which is reflected at 
the medial epicondyle (Craig) . 

Operative Treatment—The course of the nerve should be shortened 
and the nerve should be placed where there is the least likelihood of scar 
tissue forming and again compressing the nerve. (Conway). Muiller’s 
method of operating is well shown in Figs. 1059 to 1061. In studying the 
details of the results of fracture or separation of the external condyle, 
particularly slight variations in growth from that epiphysis, one is im- 
pressed by the importance of accurate adjustment of the epiphyseal detach- 





Ulnar nerve freed 
from its bed and trans- 

, planted to flexor surface 
of elbow 


£ 


Fig. 1060.—Note enlarged condyle. (Miller.) 


ments at the external condyle. Variations from the normal may be 
followed in subsequent years by ulnar paralysis. 

Miller justly maintains, and I should like to emphasize his contention, 
that while it is true that the percentage of late ulnar paralysis is very 
small in proportion to the frequency of external condyle fractures, it is 
quite probable that the valgus deformity is much more common than we 
would think, and also that if these cases could be traced long enough it 
would be found that involvement of the ulnar nerve occurs more fre- 
quently than the published reports indicate. 

In view of these late disabling nerve involvements, and despite the 
compensating changes which do at times occur in bone growth following 
permanently misplaced epiphyses, it seems that Miller’s attitude is sound, 
namely, in cases of injury with displacement of the epiphyses of the elbow, 
especially in cases of external condylar injury (capitellum), it is better to 
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operate directly and at once to reduce and maintain reduction as accu- 
rately as possible. 

Following operation of neurolysis the subjective symptoms may dis- 
appear in a few days. The order of muscle recovery in ulnar nerve lesions 
is: flexor carpi ulnaris, flexor digitorum profundus and the small muscles 
of the hand (Bénisty). 

Each case must be studied in detail and a decision as to treatment 
reached based on the merits of the specific case and accumulating expe- 
rience. 

_The surgeon is urged to consider these external condylar injuries in 
childhood as potentially very serious. He is urged to treat these cases not 
only from the point of view of the immediate result, but from the point of 





Nerve held‘in 
new position by covering 
of thin areolar connective 
tussue : 








Fig. 1061.—Note subcutaneous covering for nerve after its transfer. (Miller.) 


view of the possible remote result in years to come—the immediate surgery 
may be preventive surgery. 

The classical picture of late ulnar neuritis, occurring ten or more years 
after an injury to the elbow joint, usually in childhood, with subsequent 
valgus deformity, is pathognomonic of an old fracture of the external 
condyle with malunion or nonunion. 

The lesion of the ulnar nerve is a tension or friction neuritis, due to 
the increasing distance that the nerve must traverse with the progressive 
cubitus valgus deformity, so that it becomes “bow-strung” over the olec- 
ranon process. 

The pathological lesion is an intraneural fibrosis, evidenced as a fusi- 
form swelling or “neuroma.” 

The prognosis is good if the nerve is relieved of tension and its course 
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shortened by anterior transposition to the flexor surface of the internal 
condyle, before it has become hopelessly destroyed. 

The prophylaxis of these late sequelae to external condylar fractures 
of childhood is open reduction and fixation, if the fragment cannot be ac- 
curately reduced by manipulation (Davidson and Horwitz) . 

Early Involvement of the Ulnar Nerve.—In a series of 329 fractures 
early involvement of the ulnar nerve was an infrequent complication of the 
fracture of the lower end of the humerus, for it occurred but nine times, 
about 3.7 per cent (Platt). Its injury is associated with fracture separa- 
tion of the internal condyle. A constantly. slipping ulnar head may be 
associated with an ulnar nerve secondary neuritis. 

A summary of Platt’s paper!: The nerve lesion is usually a primary 
contusion—a physiological block without loss of continuity. The symp- 
toms are slight, and rapid spontaneous recovery tends to occur. A slight 
tingling and numbness in the area of distribution of the ulnar nerve—a 
wasting of the interosseous space between the thumb and index finger is 
noticed. In exceptional cases the primary neuritis may increase in severity 
during the early treatment and the lesion may pass etiologically into the 
secondary class. A secondary ulnar neuritis may be thus an unavoidable 
sequel. In such cases a friction or tension neuritis is produced as a result 
of a disturbance of the normal relation between the nerve and its bed. 

A secondary ulnar neuritis may be induced also by injudicious treat- 
ment, 2. e., the use of forced passive movements of the elbow in the first 
few weeks after the injury. Under similar circumstances a secondary 
neuritis may arise de novo. 

The Median Nerve.—In fractures of the lower end of the radius in 
which palmar flexion is used in treatment the median nerve may be com- 
pressed between the proximal margin of the transverse carpal ligament and 
the distal anterior border of the radius. There is found a wasting of the 
thenar muscles. Paresthesia over the median distribution and trophic 
changes in the skin are not uncommon (Abbott and Saunders). 


1 Traumatic Neuritis of Ulnar Nerve, Harry Platt, Manchester, The British Journal of 
Surgery, vol. xiii, No. 51, p. 409, January, 1926. 
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MYOSITIS OSSIFICANS, GAS GANGRENE, FAT EMBOLISM 
MYOSITIS OSSIFICANS! 


Myosiris ossificans is the term applied to the more or less circumscribed 
formation of bone tissue in muscle tissue. The circumscribed form is of 
interest to the surgeon because of its association with fractures and dis- 
locations. The occurrence of bone tissue in clean incised wounds of various 
parts of the body away from all and any connection with bone tissue and 
periosteal tissue (as in abdominal wall incisions) certainly suggests that 
bone can form as the result of metaplasia of connective tissues containing 
no osteogenic elements. 

Etiology—tIt is very generally believed that the myositis ossificans 
associated with fractures and dislocations is due to the stripping of the 
periosteum from the bone or bony fragments. This is probably true even 
though the shadow of the new bone mass appears not to be connected with 
the shaft directly—an osteogenesis of avulsed periosteum. 

The occurrence of myositis ossificans is most commonly seen following 
posterior dislocation of the elbow. The new bone is so situated that it 
causes considerable disability, interfering with flexion and extension of the 
elbow. It is a fact that new bone is more likely to appear in cases which 
are reduced early and satisfactorily. It is less likely to occur in unreduced 
dislocations, although 2 cases are recorded. It is not unusual to find a 
bony growth in the belly of the brachialis anticus muscle following elbow 
injuries. The bony growth increases rather rapidly. After attaining its 
maximum size it remains quiescent and gradually subsides, sometimes 
disappearing completely. 

Roentgen-ray Appearances—In the early stages the shadow is not 
homogeneous, but contains lighter and darker areas. As ossification pro- 
ceeds lines varying in width form, which, passing transversely and 
obliquely, bound and separate the darker areas. As the density of the 
shadow increases definite connection with the bone may be seen, the 
density of this connecting shadow usually corresponding with that of the 
soft parts. The bony trabeculae correspond to the direction of the muscle 
fibers within which the bony mass lies and is developing. The shadow 
seems to be gradually compressed, made smaller. The slowness of the 
mass in reaching its greatest density is in marked contrast with its rapid 
initial development. 

Symptoms.—There will be the associated symptoms of the injury itself 
plus the development of a hard painful tender swelling over the anterior 
cubital space (bend of the elbow) in the brachialis anticus muscle area. 

Differential Diagnosis ——In the absence of a traumatic etiology it may 
be most difficult to distinguish between a myositis ossificans and an ossify- 
ing periosteal sarcoma. Of course, as Lewis points out, a traumatic history 


1 Lewis: Jour. Amer. Med. Assoc., vol. 80, May 5, 1923, p. 1281. 
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does go with a periosteal sarcoma. Both occur in young people and the 
consistency may be the same. The roentgen-ray findings will finally deter- 
mine the differences between the two. If there is doubt after careful 
study of the a-ray, a histological examination of a bit of the tissue should 
be made, especially if a question of amputation is under consideration. 
The rate and the subsidence of the development of myositis ossificans is 
very characteristic; the sarcomata (osteogenic) make a progressive and 
rapid growth with no recessions or cessations of any. sort. 

Hematoma in muscle and muscle callus therein, an interstitial syphilitic 
process involving muscle, may be confused with the real myositis ossificans. 
A hematoma is discrete, separate from the parts about. The myositis 
ossificans will exhibit at some stage of its development an attachment, even 
though small, to what appear to be tiny periosteal tabs or shreds of tissue. 

Treatment.—The tendency of myositis ossificans to recede should indi- 
cate, as it does, that attempts at joint movements before this time of 
recession has arrived is unwise. If the new bone continues to diminish in 
bulk it may finally spontaneously disappear. If it does not disappear and 
has ceased to grow smaller and is causing limitation of motion at the joint 
or is painful, operation for its removal may be properly considered. 

If the mass is removed at the time of the cessation of its growth ac- 
tivity, recovery will be uneventful. If by chance operative removal is 
done prior to the cessation of its growth activity a stimulation of the parts 
to renewed bone formation may result. 

Painter! studied 339 cases and found in his own group that the 
brachialis anticus muscle was involved in all, and that after excision of the 
mass perfect functional results were obtained. 

Shulz? thinks it is wise to wait until the osteoma is well defined, capsu- 
lated, and independent of the skeleton before operation is undertaken. 


GAS GANGRENE 


Occasionally gas gangrene in civil life develops in crushing compound 
fractures. Apparently gangrene occurs more frequently in compound frac- 
ture of the lower extremity than of the upper extremity. S. Maes, in 
New Orleans, has found that wounds contaminated by woolen garments 
are likely to become infected with the gas bacillus. Gas gangrene may 
develop from relatively minor injuries. Several cases have followed simple 
subcutaneous injections of morphine. These injuries furnish osteomuscular 
wounds which afford suitable conditions and media in the devitalized 
tissues for the development of anaerobic and aerobic bacteria. Gas gan- 
grene is caused by the “Vibrion septique” or Welch bacillus, an anaerobic 
bacillus, which develops in the compound wound within twelve hours of 
the accident. 

Pilcher has recognized three stages in the progress of symptoms: 

First stage limited to the first twelve hours. There are no visible signs. 
There is a characteristic odor noticeable about the wound before gas has 
formed, a slight swelling of the wound, and a sick patient. 

The second stage appears as soon as gas forms in the superficial tissues. 
There is local muscle gangrene. The z-ray will show gas in the tissues 


1 Boston Medical and Surgical Journal, July 14, 1921, vol. 165, p. 45. 
2 Prenza méd. Argentina, August, 1923, p. 186. 
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before other signs. Smears and cultures show the bacillus. Blood cultures 
are positive only in the late stages of the disease. If a tourniquet is used, 
causing interference with the blood supply, the progress of the gangrene 
will be especially rapid. 

Gas will form speedily. There will be local edema from the toxic 
products. The accumulation of gas and fluid will cause an anemia of the 
parts from pressure, the skin will become tense and white, and the third 
stage of massive gangrene will be ushered in. 

The Third Stage —A general toxemia will exist due to the absorption of 
soluble chemical substances without blood invasion by the organism. The 
skin will assume a dirty grayish-green copper color, subcutaneous crepita- 
tion will be elicited on palpation, blebs containing a serosanguinolent exu- 
date will appear over the part. The distal pulse of the extremity disap- 
pears. A massive gangrene of the part will exist. The treatment should 
be the prompt and energetic use of perfringens antitoxin at any stage 
of the disease. This antitoxin may be secured from the Lederle Anti- 
toxin Laboratories, 511 Fifth Avenue, New York. This antitoxin has 
given encouraging results according to various observers. The consensus 
of opinion is that antitoxin is of value in the treatment of gas bacillus 
infection when administered as soon as the infection is recognized and 
the earlier it is used the better. 

The serum has not been used in a sufficient number of cases to allow 
of very definite conclusions or to establish a very definite procedure. 
However, large doses intramuscularly for prophylaxis and large intravenous 
doses for treatment may be employed with safety (Bull). The use of 
serum should not take the place of surgery, it should always be employed. 

If there is involvement of much devitalized tissue the serum cannot 
be expected to do more than temporarily counteract the systemic intoxica- 
tion (Bull). > 

Two facts of importance should be noted, the temperature is usually 
low, as compared with the rise in the pulse. This variation becomes more 
marked as the case progresses. The degree of pain is excessive for the 
extent of the lesion. Both these facts may be of early diagnostic value 
(Pilcher) . 

Local Treatment.—In cases of the first stage, while the infection is local 
and superficial, the devitalized muscle, looking like cooked meat without 
vascularity, should be removed, the wound left open, the muscle planes 
opened up, held apart by a single layer of gauze (no gauze packing should 
be used), and Carrel tubes well placed and spaced. Instillation should be 
made of quinoformol solution hourly or bihourly as in the ordinary Carrel- 
Dakin treatment. 

In the second stage resection of the entire muscle affected is dicated. 
The resection should go into viable tissue, detectable by the color, con- 
tractility, and the bleeding present (Pilcher). An entire group of mus- 
cles may be dissected out and thus the infected area removed from origin 
to insertion. An amputation may be thus avoided. All-parts should be 
freely opened and rendered accessible to the antiseptic. T he fear of infect- 
ing normal tissues appears negligible and antiseptic inundation apparently 


precludes it (Pilcher) . 
Amputation may at times be indicated (Fortune-Vickers) when the 
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case is seen in the terminal third late stage because it has been neglected 
or inadequately treated. Immediate liberation, opening up of the involved 
areas, is demanded. The question of amputation will come up. Shock of 
an amputation will kill certain of these cases. Conservative treatment 
consistently carried out will save many limbs hitherto sacrificed. The ab- 
sorption of toxins must be stopped and it will be a matter of nice surgical 
judgment which will decide whether an amputation is the sine qua non or 
whether conservative treatment may be safely continued. If the extent of 
the infection is such as to leave doubt that the limb can be saved it must 
be amputated at once, by the guillotine. 


Quinoformol Solution for Disinfecting Gas Gangrenous Wounds (Pilcher) 


Qitinine:sulfate cak-4. cle uaa oe ae oe cee ae ae 1.00 Gm. 
Hy drochl ome: acid 6ac cca 0 Maen tate ere cone ae arene 0 ee eee en ete 0.50 ce. 
Glactalfaceticracid’® oan ok ee eae te ee Se ee 5.00 ce. 
Sodus clilo ric epee tos aber ep tryed ees tes cae prt ge er 17.50 Gm. 
1 arts) ORE Renee ae de pa nt ae UMR: elias SE EWR Ue ind Sot yy nle  ate  aen ag 1.00 ce 

4 Wirhacito) ocean: Sa rsape teint Ne tecetie ae aes Manin bun liens hiner Miler nd OS uma rate ses ao 5-0. 0.25 cc. 
N00) ci) tekst th, SMP ERE cee AMEN Na i ee dae ne es Ae Be ra eA orton 3 15.00 ce. 
TGC Ne ees Br ct ee ee NS Se RC aeRO te era Te etn oe oc q. s. ad 1 liter 


1. Dissolve quinine in HCl and acetic acid. 

2. Dissolve sodium chloride in the water. 

3. Dissolve the thymol in the alcohol. 

Add No. 1 to No. 2, then add to the formol, and then No. 3. To be 
used as Dakin’s solution in treating gas gangrene. 

It is unirritating, stable, easy to prepare, deodorant. It causes fluid to 
flow from the tissues, hence it diminishes edema and pain. 

It is not proteolytic, consequently, when infection is checked, Dakin’s 
solution should be resumed to remove detritus and slough. 

The treatment after the recognition of the infection is the immediate 
use of the polyvalent gas gangrene antitoxin. The intravenous method 
of administration is the most effective. Some reaction may be noted after 
the intravenous injection but when it is given with some saline solution. 
Ghormley has found that the effect of the reaction is somewhat reduced. 
Two doses may be used. 

With the judicious use of polyvalent gas gangrene antitoxin and surgery 
the mortality should be reduced to approximately 15 per cent (Ghormley) . 


FAT EMBOLISM 


Traumatic Lipemia (Fuchsig) 


The venous system and the veins of the osseous structures in particular 
are the most likely portals of entry of fat. 

The absorption theory presupposes a rupture of the fat envelope with 
consequent liberation of free liquid fat. The rupture may be caused by 
trauma, hemorrhage or infection (Gauss). The force of the injury must 
be sufficient to tear small veins in the vicinity of the liquid fat. The 
aspirating force of blood flowing through an injured vein may assist. All 
fractures of medullated bones present these conditions favorable to fat 
panies a Increased tension at the site of injury will favor the propelling 
orce. 


FAT EMBOLISM 803 


The danger of manipulation of a fracture seems to be greater in direct 
proportion to the delay in treatment following the accident. 

It is apparent from a study of the cases in the literature that the greater 
incidence of fat embolism follows fractures of the femur, knee joint, ribs 
and sternum. The degree of fat embolism appears to be directly dependent 
upon the severity of the injury (Groskloss) . 

Vogel has shown that fractures are devoid of fat embolism when the 
distance of transport is short and manipulations are made very soon after 
the accident. 

Multiple fat embolism, to a greater or less degree, exists in every case 
of fracture. Free fat, open venous channels, and a force to drive the fat 
are essential to the production of fat embolism. It is most directly present 
in those cases associated with great laceration of tissue and in open frac- 
tures. The soft fat of the medullary tissue is the source of the fat drops 
that getting into the venous circulation, are carried directly to the pul- 
monary capillaries, where they lodge unless the blood pressure is sufficient 
to force them out of the lung capillaries on into the systemic circulation. 
They then lodge in the brain, kidneys, or other organs. The oil is removed * 
from the circulation by oxidation and saponification, by a phagocytic action 
of the leukocytes, and directly by the liver and kidney. The danger in fat 
embolism is twofold: that the patient may die from asphyxiation, due to 
the imperfect oxygenation of the blood because of the rapid occlusion of 
the pulmonary capillaries with fat globules, and that he may die from 
cerebral complications. 

Symptoms: There is a rather constant period of well-being for from 
three to six days before the onset of any symptoms (Groskloss). There 
are, therefore, two varieties of cases clinically, the pulmonary and the 
cerebral, according as lung or brain complications predominate. 

The pulmonary type will present rapid respiration, dyspnea, pallor, and 
then cyanosis, followed by a weak circulation and the signs of pulmonary 
edema, the expectoration of a bloody, frothy mucus, along with the phys- 
ical signs of edema of the lungs. 

Not all pulmonary emboli will be accompanied by clinical signs. Some 
fat may be retained in the right ventricle as a source of fat to the lung. 

The strength of the heart is important in determining the length of the 
free interval (Groskloss) . 

The cerebral type presents fewer pulmonary signs, but chiefly delirium, 
restlessness, stupor, and finally coma and possibly convulsions. There are 
rarely signs of any focal disturbance in the brain. The brain is the first 
organ of the greater circulation to be affected. The urine should be exam- 
ined for fat and albumin. If the kidney is perfectly healthy uremic symp- 
toms will rarely develop. 

The eyegrounds should be examined to detect hemorrhages and the 
changes of choked disk. Negative fundi do not speak against the pos- 
sibility of fat embolism. 

Diagnosis: Shock, acute pulmonary lesions from other causes than fat 
embolism, acute urmary suppression, ordinary embolism, and traumatic 
hemorrhage—all should be distinguished from fat embolism. Keeping in 
mind the two pictures of fat embolism and their salient characteristics it 
will be difficult to confound these other lesions with it. A careful study of 
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the development of symptoms increases the chances of making a correct 
diagnosis. 

The following sequence of events is almost diagnostic: (1) Trauma; 
(2) free interval; (3) acute cardiorespiratory or cerebral signs; (4) re- 
covery or death. 

Prevention: Early adjustment and absolute rest of the fracture is 
essential in avoiding the incidence of fat embolism. Jarring the patient 
should be avoided. Long transportation over rough. roads together with 
inadequate poor splinting is attended by much danger. It has even been 
advocated to defer transport for two days following traction fixation 
properly applied thus allowing the closure of torn marrow vessels by 
thrombosis (Hoffheinz) . 

A fracture rarely represents a single injury. Transportation, change of 
dressing and wrong manipulative procedure tend to bring the blood vessels 
anew into communication with free liquid fat (Groskloss) . 

Treatment: Stimulation of the heart for its extra work is indicated. 
Immobilization of the fractured part to prevent more fat from getting into 
the circulation and the administration of oxygen to relieve asphyxia are 
important in the treatment.t 


1See exhaustive paper on Fat Embolism by Howard H. Groskloss in Yale Journal of 
Biology and Medicine, vol. 8, No. 1, Oct., 1935. 


CHAPTER XXXV 


FRACTURES OF THE PELVIS 


Tue pelvic bones are generally considered inaccessible; but with a 
systematic anatomical examination, especially if assisted by digital exam- 
ination by the rectum and the vagina, practically all parts of the pelvic 
bones may be palpated. Fractures of the pelvis are not uncommon. If 
well cared for results are excellent. Roentgenological examination will 
accurately locate a fracture. It is fundamental to successful treatment 
that the surgeon should know the exact lines of fracture. Movement of the 
hip will often determine the integrity of the acetabulum, which is, of 
course, most difficult to palpate even posteriorly by the rectum. Fractures 
of the pelvis are occasioned by great violence. Fracture occurs most often 
in falls from a height, and is due to the sudden pressure upon the 
pelvis through the thighs and hips or through the spinal column upon the 
sacrum and sacro-iliac synchondroses. Anteroposterior pressure and lateral 
compression, as in the car-coupling accident, are common causes of frac- 
ture. From the mechanics of the injury resulting in a fracture of the pelvis 
it is likely that fractures of other bones exist. 

Colp calls attention to other complications actually associated with 
fracture of the pelvis, viz.: punctured lung, ruptured jejunum, hematomata 
in various regions, cerebral concussion and traumatic pneumothorax. 
These actual complications illustrate the enormous causative force and the 
possible seriousness of such injuries. Any delay in initiating treatment in 
fracture of the pelvis may increase shock, ileus, abdominal, vesical and 
urethral injuries and infections. 

The plan followed by the surgeons of the Pittsburgh Coal Company in 
handling pelvic fractures is helpful and suggestive (Weil). Proper trans- 
port is provided at the time of the accident in the mine, and from the mine 
to the hospital. If a simple fracture exists, the sling and traction are used. 
Ileus is prevented by careful attention to the bowel function, fluids are 
restricted by mouth, a sedative is used. If symptoms of ileus appear tur- 
pentine stupes, pituitrin and physostigmine are used. From a, clinical 
standpoint these fractures fall into two groups—fractures of the individual 
bones without injury to viscera, and fractures at different points in the 
pelvic ring usually associated with visceral lesions. 

Fractures of the sacrum, the coccyx, the symphysis pubis, and the 
ischium are extremely rare. 

Examination.—The examination should be systematically made in order 
to cover thoroughly the irregular bones of the pelvis. The ilium of each 
side should be palpated to detect a fracture of either crest. Then the two 
ilia should be crowded gently but firmly together in order to determine 
crepitus due to the presence of fracture elsewhere. Then the pubis and 
ischium upon the two sides are to be palpated externally as far as is prac- 
ticable. Finally a careful rectal and vaginal examination should be made 
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of the pelvic bones. The rectal.examination will help to determine actual 
damage to the rectal wall and it may assist in determining impending dam- 
age from projecting sharp spicules of bone. The patient should be cath- 
eterized to assist in determining the presence of an injury to the urinary 
tract. 

Fracture of the Iliwm—This fracture is not unusual. The crest of the 
ilium is commonly broken. Pain, swelling, crepitus, and abnormal mobility 
may be present. Localized tenderness at the seat of fracture may be the 
only sign present. Crepitus, absent at first, may be elicited several days 
after the injury. There is comparatively little displacement. Union occurs 
in from three and one-half to four weeks. The patient ordinarily only 





Fig. 1062.—Overhead pelvic suspension hammock. used in certain fractures of the pelvis. (Con- 
well.) 


requires restraint in bed. The outlook is for a good recovery unless there 
is a visceral lesion. Slight deformity may be noticeable upon full recovery. 
Fracture of the pubic portion of the ring of the pelvis is the commonest 
fracture. It is usually associated with other fractures or separations of 
bony surfaces of the pelvis. Fractures of the rami may be suspected if 
there is local tenderness associated with muscle spasm of the adductor mus- 
cle group. Injury to the urethra is not uncommon in this fracture. 
Dehydration is balanced by intravenous dextrose and saline solution. 
Gastric lavage may be needed. By keeping constantly in mind in pelvic 
injuries that ileus may appear and anticipating its incidence by symp- 
tomatic treatment its frequency may be very materially diminished (Weil) . 
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Treatment.—A snugly fitting swathe encircling the pelvis should be 
applied to assist in immobilizing the fracture. If the fracture is of the 
ium alone, the swathe should be applied loosely enough to avoid displac- 
ing the fragment of the crest inward, thus causing permanent deformity. 

The Use of the Swathe in Suspending the Injured Pelvis—The swathe 
about the pelvis may be applied and adjusted so as to exert a positively 
definite effect upon the fracture under treatment and not be a mere passive 
inactive sling. In separations of the sacro-iliac joint a swathe may be so 
misapplied as to actually open the joint surfaces wider. The swathe 
should be applied so as to crowd the soft parts, the skin, subcutaneous 
fat, and the two great glutei of the two buttocks together instead of apart. 





Fig. 1063.—Overhead pelvic suspension hammock. Note woo den spreader in use. (Conwell.) 


Thus the tendency will be to hold the sacro-iliac joint surfaces close 
together (Smith-Petersen) . 

In fractures of the rami of the pubes it may be possible by the combina- 
tion of the use of a swathe, abduction, and traction to affect the site of the 
fracture favorably. 

In other words, it is important that the surgeon should regard and 
employ the sling swathe, especially when it is used with other means, such 
as traction and position, as an active agent in the treatment and not 
merely as a convenient means for comfort (Smith-Petersen) . 

Harding (San Diego) has devised and uses a sling or swathe suspended 
by ropes which lead through a doble block and around a single equalizing 
block. This arrangement assures even support and easy rolling of the 
patient (Fig. 1064). 
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All uncomplicated fractures .of the pelvis are to be treated by rest in 
bed and often by hammock suspension and by traction. 

The lateral drag of the hammock may at times cause an overlapping of 
fragments unless the effect of the hammock is offset by the intelligent use 
of a spreader to the suspended hammock—raising or lowering the spreader 
will control the lateral pressure (Nolan and Conwell). 

Difficulties attending the care of a bedridden patient are also thus min- 
imized.. The patient should in all cases, except simple fractures of the 
crest of the ilium, be placed upon a properly fitting Bradford frame. Upon 
this frame, and in no other way, can the patient be comfortably nursed. 
The bed pan can be adjusted with ease and without disturbing the fracture. 
The bed can be most readily changed and the patient kept clean and com- 
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Fig. 1064.—Sling used in treatment of pelvic fracture. (M. C. Harding, San Diego, Cal.) 


fortable. If it is probable that movements of the hip joints cause motion 
at the seat of the fracture, the thighs should be fixed so as to immobilize 
these joints. The long outside wooden splint extending from the axilla to 
below the heel and attached at its foot end to a slat at right angles to the 
long upright—a T splint—is the simplest means of securing this immobil- 
ization. If the patient is on a Bradford frame, sufficient immobilization is 
easily accomplished by encircling the thighs separately or together and the 
frame with a towel swathe. Extension of the limbs by weight and pulley 
may be needed in addition in certain cases to secure immobilization of the 
fracture. Wiring or suture of the fractured bones may be entertained and 
practiced. Wiring is indicated if displacement of fragments is great. 
Visceral Lesions —Associated with fractures of the pelvis there may be 
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lesions of important viscera. These visceral lesions render fractures of the 
pelvis of the very greatest seriousness. The trauma causing the fracture 
may at the same time occasion a rupture of the kidney. The bladder, 
urethra, or bowel may also be ruptured. The shock associated with a 
fracture of the pelvis is great. If there is a visceral lesion, the primary 
and secondary shock will be very great. 

Rupture of the Urethra.—This is sometimes associated with fracture of 
the pelvis. It may be due to the original trauma, as a fall or blow on the 
perineum, or it may be caused by bony fragments lacerating the urethra, or 
by a simple separation of the symphysis pubis. Pain at the seat of the 
lesion, pain upon pressure in the perineum, retention of urine, urethral 
hemorrhage, swelling in the perineum, usually exist. Under these circum- 








Fig. 1065.—Malgaigne’s fracture. (Cotton-Morrison.) 


stances perineal section is indicated in order to drain the wounded area 
and the bladder. After finding the urethra by perineal section a catheter 
passed through the penile urethra is introduced further into the bladder. 

If a catheter can be passed to the bladder and the local swelling does 
not increase, permanent catheterization is indicated. The patient should, 
however, be watched carefully for the signs of extravasation of urine. If 
at any time the catheter cannot be passed, operation should be done at 
once, as in the first instance. 

If the urethral rupture is caused from above, the inferior surface of the 
canal may be intact. If so, the passage of the catheter Gf difficult) may 
be facilitated by depressing the instrument slightly, hugging the inferior 


wall of the urethra. 
If the urethra in its perineal or scrotal portions is destroyed by a frac- 
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ture of the pelvis, if there is an actual loss of substance, Cabot has shown 
that the principle of mobilizing the urethra may be applied with good 
results in restoring the canal. The mobilization may be carried farther 
than has been hitherto thought possible. In all plastic work tension of 
parts is to be avoided. This demonstration by Cabot of the possibility of 
great mobilization of the urethra makes a suture of the urethra without 
destructive tension possibly successful. 

Young uses a solution opaque to the x-ray, injected into the urethra to 
detect rupture following fracture of the pelvis (Fig. 1067). 

Rupture of the Urinary Bladder —In every fracture of the pelvic bones 
the integrity of the urinary bladder should be determined by careful exam- 
ination. Rupture of the bladder will be either extra- or intraperitoneal. 





Fig. 1066.—Malgaigne’s fracture of the pelvis (Cotton-Morrison). The two fractures are 
through the symphysis and through the ileum or part of the sacro-iliac joint. The loose part of 
the pelvis is displaced and is freely movable. Complete recovery. The well-leg countertraction 
splint was used. 


In the intraperitoneal rupture of the bladder the urme escapes from the 
bladder into the peritoneal cavity—in the extraperitoneal rupture the urie 
extravasates throughout the pelvic tissues. When the bladder is empty, 
it is low down in the pelvis and can be injured only by a fracture of the 
pelvis. The rupture of the bladder due to fracture of the pelvis is usually 
extraperitoneal and it is situated on its anterior surface. 

On account of the fracture the patient cannot walk. Rupture of the 
bladder itself might occasion inability to walk, at least any long distance. 
There is great hypogastric pain, frequent desire to micturate, and inability 
to pass urine. A few drops of bloody fluid escape from the meatus. Dul- 
ness may be present in the lower abdomen and loins. Soon after the acci- 
dent, if not immediately, there is great prostration. Evidences of shock 
are seen in the pallor of the face, the anxious expression, the feeble pulse, 
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the cold, clammy skin, and the feeble voice. The abdomen becomes dis- 
tended, the temperature rises, and delirium, coma, and death follow with 





Fig. 1067.—Fracture of the pelvis. Rupture of urethra. z-Ray taken twelve hours after the 
accident. An opaque solution was injected into the urethra before the w-ray was taken. Note 
shadow. (Young-Healey.) 





Fig. 1068.—Fracture of pelvis. Rupture of the urethra. Traumatic stricture. Operation. 
(Mahoney, The Children’s Hospital, Boston.) 


certainty unless operative interference has relieved the condition at a very 
early hour after the accident. The patient dies from shock, hemorrhage, 


or septic peritonitis. 
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If the patient is seen soon after the accident, before untoward symp- 
toms have appeared, and has not micturated for some little time, he should 
be catheterized. An empty bladder will be found or a small amount of 
bloody fluid will be withdrawn, which rather confirms the other evidences 
of ruptured bladder. If there is doubt as to the rupture of the bladder, 
the symptoms should be watched and a cystoscopic examination should be 
made at once by means of a small observative cystoscope. The symptoms 
of rupture may be masked or delayed by the associated lesions. The 
urine may be tinged with blood because of a contusion of the bladder. The 
catheter may be passed through the bladder wall, and be felt to enter the 
abdominal cavity, evacuating bloody fluid. All fluid having been removed 
from the bladder, if a measured amount of sterile water is injected into it, 
and all that was injected does not return, presumption of rupture of the 





Fig. 1069.—Fracture of the pelvis. Rupture of urethra. Note sutures placed to unite much 
mobilized urethra. (Cabot.) 


bladder is very great. The pelvic cavity, on the other hand, may be inad- 
vertently catheterized and the same amount of urine or water gotten back 
that is put in (Miiller). Under such circumstances the dull area in the 
groins and lower abdomen of extraperitoneal rupture will be increased. 
Upon injecting fluid through a catheter passing through the urethra, to 
be sure that the fluid enters the bladder and remains in the unruptured 
bladder, a suprapubic bladder tumor should appear as the fluid enters the 
bladder (Ashhurst). 

If a rupture of the bladder is found, whether intra- or extraperitoneal, 
an immediate suprapubic cystotomy should be done, and drainage insti- 
tuted by this route. 

If the rupture is intraperitoneal, there will be little need of flushing the 
abdomen. Whether the rupture is within or outside the peritoneum it will 
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ordinarily be unwise to suture the rent in the bladder wall. If it can be 
accomplished quickly, without delay, it is good surgery to suture it. 

A Y%-inch tube of rubber lying in the bladder through the suprapubic 
wound will adequately drain the bladder of all urine. The traumatic rup- 
ture wound will heal spontaneously. In neglected cases Fuller emphasizes 
the importance of dependent drainage of the extravesical spaces. Drainage 
tubes should be placed to lie beneath the pubic bones and emerge in the 
perineum. This burrowing of pus and deep pelvic cellulitis, resulting in 
sloughs and a general sepsis, will be ordinarily prevented by the initial and 
early suprapubic drainage. 

The surgeon should err in leaving the suprapubic drain in place too 
long rather than too short a time. The suprapubic drain is removed when 
the bladder rupture wound has healed. This may be determined by palpa- 
tion of the interior of the bladder by a gloved finger. On removing the 
suprapubic wound drain a catheter is introduced through the penile urethra 
into the bladder. 

A suprapubic wound will close, if urethral drainage is employed, in 
about ten days after removal of the suprapubic drainage. 

If the fracture of the pelvis resulting in the complication of a torn 
urethra is caused by a crushing accident the rupture of the urethra occurs 
behind or at the triangular ligament. When the injury to the urethra 
occurs from falling astride some object the rupture occurs external to the 
triangular ligament in the bulbous urethra. When the patient is seen im- 
mediately after the accident and the prostate is torn completely from the 
membranous urethra, an anastomosis may be successfully accomplished, 
without the development of stricture of the urethra subsequently (Young) . 

Prognosis.—A guarded prognosis should always be given in any case of 
fracture of the pelvis. Fractures of the iliac crest ordinarily recover in a 
few weeks. In fractures complicated by rupture of the bladder or bowel 
the prognosis is extremely grave. 

External Peroneal Nerve Injury—Footdrop.—A complication of frac- 
ture of the pelvis which G. G. Davis has observed and to which he has 
directed especial attention. The facts stated here are from the experience 
of Davis: The complication occurs in about 2 per cent of pelvic fractures. 
The symptoms of footdrop appear immediately following the injury. The 
trauma to the nerve is in the origin of the lumbosacral cord as it les at the 
pelvic brim. The likelihood of improvement of the footdrop is not great. 

While the patient is in bed for treatment of the fracture, massage and 
electrical treatment to the muscle involved are indicated. Support should 
be given to the footdrop by suitable splint with stop joint at the ankle. 
After a year, if the nerve shows continued symptoms of complete division 
or permanent damage, a transplantation of the peroneus longus into the 
anterior tibial tendon by the Mayer technic is advisable. 

In the case of M. V. C. recorded by Davis the following neurological 
report was made by P. Bassoe: 

First neurological examination, August, 1924: He presents symptoms 
of a lesion of the left external popliteal nerve, evidently produced in con- 
nection with a fracture of the pelvis. It is possible that he has a high 
bifurcation of the sciatic nerve or that the injury to the posterior tibial 
division was less severe. There is marked atrophy of the left calf and shght 


814 FRACTURES OF THE PELVIS 


of the left thigh, the latter probably due to disuse. He is able to extend 
the small toes of the left foot a little, not the big toe, and not the ankle. 
Plantar flexion is good. The strength at the knee and hip is good. He can 
evert the left foot a little. The plantar, ankle, and knee reflexes are normal 
on both sides. The paralyzed muscles, namely, the extensor group of the 
left foot, with the exception of part of the peronei, give typical reaction of 
degeneration. There is very little disturbance of sensation, consisting of 
impairment of pain and temperature sensation of the outside of the left 
foot and the lower part of the external aspect of the left leg. Tactile sen- 
sation is preserved. 

The distribution of the motor and sensory symptoms indicates a lesion 
of the nerve trunk in its course through the pelvis rather than of the roots 
higher up. The nerve is probably not severed, at least not completely so. 
The prognosis nevertheless is not favorable as to any great further return 
of power in the paralyzed muscles. There may be some further improve- 
ment for a year or a year and a half after the injury. 

The second and last neurologic examination by the same observer, P. 
Bassoe, was made May 20, 1925, and was recorded as follows: 

There was a previous examination on August 14, 1924. There is very 
little change in his condition. There is relatively less difference in the cir- 
cumference of the affected calf and thigh, but the paralysis remains as 
before. The sensory disturbance is even more trivial than before. The 
mode of injury and the very slight sensory disturbance make it unlikely 
that the nerve was entirely severed. There may still be further sponta- 
neous improvement. 

The After-care of a Fractured Pelvis—tThis is important. As a routine, 
these patients are kept in bed about six weeks. The hammock suspension 
is combined with bilateral leg traction with lower extremities moderately 
abducted. 

Men should not be permitted to go back to work before the fifth or 
sixth month. If heavy work is attempted before this time, considerable 
pain is apt to develop, with lowering of morale and increased disability 
(Nolan and Conwell) . 

After the hammock is discarded he is kept in bed an additional week. 
A sacro-iliac belt is applied at this time. He is then up in a wheel-chair 
for two weeks. About the tenth week he is allowed up supported by 
crutches, bearing a little weight. The sacro-iliac belt is to be worn for at 
least four months. 
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Following severe trauma to the outer surface of the hip from a fall 
from a height or from a direct blow on the great trochanter the neck of 
the femur may remain intact and the damage to the bone fall entirely on 
the acetabulum. The symptoms will depend in part upon whether the 
head of the bone has perforated the acetabulum or not. 

The ordinary signs of fracture will be present. The trochanter wii be 
nearer to the symphysis pubis than usual. A hematoma over the injured 
area within the pelvis may develop which can be palpated easily unless 
the peritoneum has been torn, in which case the blood may escape into the 
abdominal cavity and no hematoma will appear (Peet). 
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Rectal and vaginal examinations may discover the bulge inward of the 
displaced pelvic wall. 

: _An x-ray will always give indisputable evidence of the extent of the 
injury. 

Injury to the obturator nerve, the large blood vessels of the pelvis, the 
bladder, and the bowel may result in serious complications if the head of 
the femur perforates the acetabulum. The urethra has been torn in these 
pelvic fractures. 

The reduction of the fracture by manipulation and traction may be 
very easy or most difficult. 





Fig. 1071—Case G. O. Injury December 16, 
1923. Comminuted complete fracture of right 
ilium through acetabulum. Inward displacement 
of the head of the right femur. Transverse frac- 
ture of the superior and inferior rami of pubis. 
Dislocation of right ilium from the sacrum. 
Fracture of the transverse processes of the third, 

4 fourth, and fifth lumbar vertebrae. Dislocation 
Fig. 1070.—Case M. V. C. Note footdrop of the symphysis pubis. Footdrop, peroneal 
on left side. (G. G. Davis.) nerve injury. (G. G. Davis.) 





If the head has not perforated the pelvis, lateral traction and longi- 
tudinal traction will be all that is necessary. If the head had perforated 
the pelvis, the head will have to be disengaged from the encircling frac- 
tured acetabulum before lateral traction will become effective. If the 
head is not disengaged, the more powerful the traction, the greater will be 
the grip of the bony fragments around the head and neck. 

Before any manipulation or vigorous examination is undertaken an 
x-ray is absolutely necessary to inform the surgeon as to the extent and 
lines of fracture and the exact position of the head of the femur. 

Moreover, no vigorous treatment should be instituted ordinarily until 
the lapse of a few hours or days has proved that there is no important 


visceral injury. 
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When a penetrating fracture .of the acetabulum exists, associated pelvic 
fractures occur in over 50 per cent of cases (Eliason). 





Fig. 1072.—Perforating fracture of the acetabulum. Note head displaced into pelvic cavity. 
Juxtaposition of greater trochanter and ilium. Left side, posterior view. Sketch from roentgen 
plate (Case II). (Skillern.) 
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Fig. 1073.—Fracture of the acetabulum. Femur intact. Head has not entered the pelvis. Note 
also fracture of symphysis pubis, rami of pubis and ischium. (Arial George.) 


The usual traction in the long axis of the limb and laterally and in 
slight abduction may succeed. Skeletal traction of central dislocation is 
used if the simpler manipulative and traction methods fail. A steel pin 
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is driven through the great trochanteric region of the femur in an antero- 
posterior line. A pull or traction is exerted up on this pin (Putti). Such 
applied lateral traction will pull the head of the femur from the pelvis in 
many cases (Heller). If traction and countertraction with combinations 
of different positions of the thigh (in abduction and adduction) are unsuc- 
cessful, then an operative approach to the fractured acetabulum may be 
considered. The acetabular fragments may be elevated away from the 
neck of the bone, and then manipulation and traction may reduce the 
head. Resection of the head of the femur is rarely to be contemplated 
except in very long-standing injuries. 

After reduction, immobilization by a plaster of Paris splint to the pelvis 
and lower extremity is necessary. 

Prognosis.—If reduction is impossible and operative treatment for 
some reason is unwise, the prognosis will promise some limitation of mo- 
tion, slight shortening, and considerable stiffness of the joint (Peet). 

Subsequently, after all fixation apparatus is removed, manipulations, 
passive movements, if carefully made under an anesthetic, will result in 
loosening the stiff jot very considerably. 

Immediately after the removal of the pelvic suspensory sling, following 
the weeks in bed, a pelvic belt is applied. Gradually weight-bearing is 
permitted with the help of crutches. The rapidity of the return to full 
weight-bearing is determined by the evidence of callus formation and by 
the presence or absence of pain. 
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CHAPTER XXXVI 


FRACTURES OF THE FEMUR 


FRACTURE OF THE HIP OR NECK OF THE FEMUR 


Anatomy.—The crest of the ilium can be felt throughout its entire ex- 
tent from the anterior superior spine to the posterior superior spine. The 





Fig. 1074.—Nélaton’s line; passes from anterior superior spine of ilium to tuber ischii and crosses 
tip of great trochanter of femur, when thigh is partly flexed. (Ashhurst.) 


posterior superior spine corresponds to the level of the center of the sacro- 
iliac synchondrosis. The great trochanter of the femur is easily distin- 
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Fig. 1075.—Nélaton’s line (A-D) from anterior superior spine of the ilium to the tuberosity 
of the ischium. A-C—X, Bryant’s triangle. Distance (X—C) from top of trochanter to perpen- 


dicular (A—B) dropped from anterior spine to horizontal table top is Bryant’s measurement. 
After fracture this measurement may be less than normal. 





guished even in fat individuals. Nélaton’s line (Figs. 1074, 1075) is 

determined by stretching a tape from the anterior superior spine of the 

ilium to the tuberosity of the ischium. The top of the great trochanter 
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lies at or a little below Nélaton’s line, and about opposite to the symphysis 
pubis. The internal condyle of the femur looks in the same general direc- 
tion as the head and neck of the femur (Figs. 1076, 1077). The anterior 
superior spine of the ilium is of importance because from it measurement 
is made in taking the length of the legs after fracture of the femur. Nor- 
mally, the fingers can be hooked behind the great trochanter toward the 
posterior surface of the neck of the bone. By this manipulation the poste- 
rior portion of the capsule of the joint can be felt. 





Fig. 1076.—Femur, from front. Note Fig. 1077—Femur, from outer side 
normal relation of direction of head and neck Note normal anterior bowing and relation of 
to that of internal condyle. direction of head and neck to that of internal 


condyle (Fig. 1096). 


Fracture of the Neck of the Femur in Adults.—This accident occurs 
most frequently in elderly people. It ordinarily is associated with a very 
slight injury, such as a trip and fall upon the floor from the standing posi- 
tion. Undoubtedly, in many instances the fracture precedes the fall. It 
is often difficult to determine the exact seat of the lesion. It is unnecessary 
to classify fractures of the neck of the femur according to whether they are 
within or without the capsule. Whether the fracture is within or without 
the capsule of the joint is of comparatively little moment excepting for 
prognosis. Neither is it of very great importance. An impaction according 
to the z-ray is often mistaken for an overlapping of portions of the neck 
due to displacements of the two fragments: abduction and flexion of the 
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Fig. 1078.—Normal angle of the neck to the shaft of the femur with the changes in position in 
coxa valga and coxa vara. 





Fig. 1079.—Vertical section of hip joint, 
seen from behind. The angle which the head 
under normal conditions forms with the shaft 
(127 degrees) is marked; J, Rim of acetabulum 
in vertical section; C, cavity of joint (exag- 
gerated), showing the extent of the joint cap- 
sule; LZ, ligamentum teres. (Kisendrath.) 


short fragment and outward rotation of the long distal fragment. 


(Davis, Applied Anatomy, after Nifong.) 





Fig. 1080.—Adult femur. Upper portion 
of shaft and head and neck. The lines show 
the usual seats of fracture of the neck of the 
bone. Line 1 corresponds with Group 1; line 
2 corresponds with Group 2; lines 2 and 8 cor- 
respond with Group 3. 

Group 1. Fracture through the neck en- 
tirely within the capsule. 

Group 2. Fracture through the neck at 
its Junction with the trochanter major. 

Group 3 Fracture through the tro- 
chanters often comminuted and combined 
with fracture of the neck at the base. 


The 


really firm genuine impaction is a partial subcapital fracture in which the 
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head is depressed somewhat backward as in the epiphyseal fracture of 
adolescence (Whitman). Certain of these cases will not need or demand 
reposition for eversion, external rotation will be essentially absent whether 
the fracture is impacted or unimpacted (Figs. 1110, 1111). Fractures of 
the base of the neck of the bone—that is, fractures near the trochanter— 
are usually impacted. Fractures of the neck toward the head of the bone 
are usually unimpacted (Fig. 1080). Impacted fractures unite readily, but 
occasionally may require breaking up or gentle replacement or replace- 





Fig. 1081.—Roentgen ray of section through hip joint. Note the trajectorium lines of re- 
sistance extending from femoral shaft upward, in erect position, through acetabulum. The 
approximate position of Ward’s triangle is seen, the clear space in neck. (Kolodny.) 


ment with artificial impaction, if they are impacted with very marked 
deformity so that the individual will be eventually distinctly handicapped 
in the use of the limb. Unimpacted fractures often remain ununited. 

The studies made by Kreuscher, Chandler, Kolodny, and Wolcott have 
helped to give a clear picture of the circulation of blood in the neck and 
head of the femur. 

W. Eugene Wolcott concludes after careful injection studies of the 
circulation in the head and neck of the femur: 
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Fig. 1082.—A scheme of the mechanics of the neck of the femur. The drawing represents a 
central frontal section of the femur. Line Gr—Gr is the line of the axial pressure of the body 
weight, transmitted upon the tibia in the point Gr. Line F-Gr is the “neutral line,” where 
neither pressure nor tension forces are transmitted. W is that portion of the body weight which 
is carried by the femoral neck. Line A—B is the line through which fractures of the femur would 
pass if the neck were a curved lever of a homogeneous structure. This line has been determined 
mathematically. Line C—D is the actual line through which fractures of the neck from vertical 
compression pass in elderly individuals. (Kolodny.) 


1. All parts of the adult head and neck of the femur are richly supplied 
with blood, however advanced the age of the patient, from the visceral 
capsular arteries. 
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Fig. 1083.—1, Roentgenogram showing the experimental fracture of the neck of the femur 
of an elderly woman, in a testing machine. The line of fracture begins above at the outer edge 


of the eminentia of the neck. 2, Roentgenogram showing an experimental fracture of the neck 
of the femur of a man, in a testing machine. (Kolodny.) 
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Fig. 1084.—Drawing from an injected specimen of a newborn showing the blood vessels 
running along the superior aspect of the neck toward the femoral head. Note the blood vessels 


of the round ligament coming from the arteria acetabuli of the ramus posterior arteriae obtura- 
toriae. (Kolodny.) 
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Fig. 1085.—Demonstrates a well injected ligamentum teres vessel which did not enter the 
substance of the head of the femur. During the injection the opaque material could be seen to 
go to the head then return in the venous circulation. Specimen from a patient thirty-four years of 
age. Approximately 25 per cent of 60 ligamenta teres injected did not show the opaque material 
entering the head of the femur (Wolcott.) 





Fig. 1086.—This is injected specimen, patient aged sixty-nine years. 1, Point of injection of 
ligamentum teres vessels. This was first vessel injected in this particular specimen. 2, Point 
of injection of posterior superior capsular arteries. Second injection point. 3, Point of injection 
of posterior inferior capsular artery. The injected specimen demonstrates the distribution of the 
circulation of blood from the three mentioned sources. (Wolcott.) 
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2. The visceral capsular arteries are the chief source of nourishment to 
the head and neck of the femur, apparently supplying blood directly to 
the periphery and subcondylar area of the head of the femur, and espe- 
cially the proximal portion of the neck of the femur. 

3. The course of these vessels within the substance of the femoral 





Fig. 1087.—Demonstrates circulation of posterior superior capsular arteries. Attention 
should be directed here to the typical 45-degree change in course of these vessels immediately 
after they enter the substance of the head of the femur. This angulation of the course has been 
constant in every specimen injected. The course of this artery is significant in the prognosis of 
those fractures in which the fracture plane crosses the course of the arteries. Under such cir- 
cumstances the arteries are certain to be torn. With their destruction a major portion of the 
nourishment to the head fragment is suddenly cut off. Here it must be recalled again that ap- 
proximately 25 per cent of the ligamenta teres in adults do not carry blood vessels which enter 
the substance of the femoral head. The ink line indicates the location of the type of fracture 
which speaks for the poorest prognosis of them all. (Wolcott.) 


head is of significance in prognosis in certain types of fractures of the 
neck of the femur. 

4. The ligamentum teres carries blood vessels which penetrate the 
femoral head in approximately 75 per cent of adults. Such blood vessels 
as do penetrate the femoral head are distributed to an area having its 
apex at the fovea and its base in the epiphysis. These vessels then form 
a very definite anastomosis with the visceral capsular arteries within this 
area of the head of the femur. 
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B C 
Fig. 1088.—Child six years old. Several injected posterior superior visceral capsular arteries 
grouped to demonstrate the constancy of their course in the head of the femur. (Wolcott.) 





Fig. 1089.—Print from injected specimen, patient aged seventy-nine. Only injection was 
by way of the ligamentum teres vessel. Distribution of the area supplied by that vessel well 
outlined. This particular specimen was from an individual who had a marked generalized ar- 
teriosclerosis. Still the ligamentum teres vessels were carrying a good supply of nourishment 
into the head of the femur. (Wolcott.) 
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Fig. 1090.—Massey case: Impacted head of the femur January 16, 1935. Head impacted 
in valgus position. Conservative treatment. Patient taught school the last month from May 
15 to June 15, using a cane to get about. Good function until November 30, 1935 until March, 
1936 when patient began to have pain and limited motion about the hip. A, Taken from x-ray 
of November 30, 1935 after several months full weight-bearing—symptom free. B, Taken several 
weeks after beginning of symptoms, limited motion. Patient put on bed rest and followed by 
walking caliper splint, which has been worn to date. C, Indicates present condition. 

Apparently, we cannot always depend upon satisfactory union in impacted femoral heads 
even though they are in a valgus position. In this instance the fracture line interfered with the 
circulation posterior superior capsular vessels accounting for the slow necrosis of the head. 
Patient now has a good range of motion, 2 inch shortening, very little pain in spite of the ap- 
pearance of the x-ray. We are planning to begin weight-bearing cautiously. (Wolcott.) 





a 
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Fig. 1091.—To show location and appearances of the folds in the visceral capsule of the 
neck of the femur. (Retinacula of Henle.) These folds are constant on the posterior superior 
and inferior aspects of the neck of the femur. Within the substance of these folds lie the visceral 
capsular arteries. Always keep in mind that the visceral and the true capsules of the hip are 
separate entities. (Wolcott.) 





Ua 


Fig. 1092.—To show the relationship of the oblique subcapital type of fracture and the course of 
the capsular vessels. (Wolcott.) 


5. Certain types of intracapsular fractures of the neck of the femur 
disturb the local circulation more than others. They, therefore, vary 
considerably in regard to prognosis. 
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6. The amount and direction of violence producing intracapsular frac- 
tures of the neck of the femur is reflected in prognosis. 

7. Absorption of the neck of the femur may be anticipated in certain 
fracture planes described. .The fracture plane should be determined in 
each instance. 

8. A certain percentage of impacted fractures of the femoral neck will 
loosen if treated conservatively, probably because of gross circulatory dis- 
turbance. Nailing or simple type of fixation is recommended for all 
such cases. 

9. It is suggested that in the future a critical analysis of cases of intra- 
capsular fracture of the neck of the femur should include a provision for 
complete and detailed description of the direction and extent of all frac- 
ture planes. In addition, an opportunity should be given to describe in 





Fig. 1093.—To show the location of a transcervical fracture. Because blood vessels. travel 
along the neck of the femur in the loose folds of the visceral capsule they may escape injury . 
(Wolcott.) 


detail the extent of displacements of fragments and other evidence of 
severe violence, particularly the location and extent of any comminution 
of fragments. 

These conclusions of Wolcott stress the importance of the absolute 
fixation of a fracture of the neck of the femur by nailing. Taken with the 
use of the lateral a-ray of the neck of the femur we have a sound basis for 
the operative treatment of this fracture. 

Symptoms.—The patient ordinarily is unable to rise from the ground. 
A contusion may be seen over the hip as a result of the fall. There is pain 
in the hip while the patient is lying still. This pain is increased upon 
motion at the hip. There is inability to move the injured leg easily and 
painlessly. There is limitation of motion of the injured leg. While lying 
upon the back it is impossible for the patient to raise the heel from the 
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Fig. 1094.—Roentgenogram of the upper end of the femur of a newborn injected with red 
lead, showing two min arteries of the round ligament coming from the common trunk with the 
blood vessels of the pulvinar acetabuli. (Kolodny.) 








Fig. 1095.—Drawing from an injected specimen of a newborn showing the blood vessels 
running along the anterior and inferior aspect of the neck and entering the head mainly at the 
“Schenkelhalsspitze.’’ The dotted line represents a blood vessel embedded relatively deep in 
the periosteum of the neck. (Kolodny.) 


bed. The foot is everted, the leg having rolled outward. The whole 
extremity lies helpless (Fig. 1103). There is a slight appreciable fulness 
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below the fold of the groin. This fulness in the outer upper part of 
Searpa’s triangle corresponds to a nondepressible area associated with 





Fig. 1096.—Note the forward arch of the shaft of the femur. This arching forward should 
be taken into account in the padding of splints in the case of femoral shaft fractures and in the 
final adjustment of supporting slings. This arch must be maintained. 


fracture of the neck of the femur. Slight shortening of the leg exists. 
After three or four days this shortening may increase. The trochanter is 





lliotibial band 





: ener : vd ier ; . he upper 
Fig. 1097.—Note strong iliotibial thigh fascia with heavy muscular insertions at the’ 
part. ii is the retraction of this extensive and strong fascia which often assists to make difficult 


reduction of femoral shaft fractures. 


above Nélaton’s line. The fascia above the trochanter Is relaxed. This 
is especially noted in the standing position, with the patient resting the 
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weight upon the well leg (Fig. 1106). If the fracture is an impacted one, 
crepitus will be absent upon gentle manipulation unless the impaction has 


SN NY 





Fig. 1098. Drawing to show the anterior strong ligaments of the hip from pelvis to femur (an- 
terior intertr ochanteric line). 





Fig. 1099.—Roentgenogram of hip joint with toes pointing directly upward; a perfect 
anteroposterior view. Note the lesser trochanter. Compare with Figs. 1100, 1101. (Arial 
George.) 


been broken up by some unwise means. If the fracture is unimpacted, 
crepitus can be detected by the hand while traction or gentle rotation of 
the leg is made. The foot is everted whether impaction is present or not. 
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__ Fig. 1100.—Roentgenogram of hip joint Fig. 1101.—Roentgenogram of the hip 
with the toes strongly inverted. Note absence joint with the toes turned in eversion as far as 
of the full view of the lesser trochanter. (Arial 












possible. Note appearance of head, great tro- 
George.) chanter, and marked prominence of the lesser 
trochanter. Compare with Figs. 1099, 1100. 
(Arial George.) 
a 
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Fig. 1102. 


: Drawing of the pelvis and hip joints and femoral shafts. Note in fracture of 
the neck’of the left femur elevation of the great trochanter obliquity of c-d as compared with 
a-b. Note that trochanter lies closer to the pelvis on the left or injured side, compare e—h and 
f-h. 





Fig. 1103.—Impacted fracture of the left hip. Note helpless attitude of limb: foot everted. 
53 
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If the impaction is of the anterior portion of the neck, inversion will be 
present; if the impaction is of the posterior portion of the neck, eversion 
will be present (Figs. 1104, 1105). Impacted eversion cannot be inverted, 
nor can impacted inversion be everted without breaking up the impaction. 
In these cases of marked eversion and inversion a dislocation of the hip 
must be excluded if possible. 

Examination.—A prolonged search for crepitus and abnormal mobility 
must never be attempted. A roentgen ray, lateral -and anteroposterior 
views and stereoscopic if possible, should be secured at as early a date as 
is practicable. In order to avoid unnecessary movement of the hip and 








Fig. 1104.—Fracture of the hip. In- Fig. 1105.—Fracture of the hip. Outward 
ward rotation of the leg because of im- rotation of the leg because of impaction of the 
paction of the anterior portion of the neck posterior portion of the neck of the bone. Com- 
of the bone. pare with Fig. 1103. 


because inspection and gentle palpation alone will so often decide the 
diagnosis, it is wise to follow a routine examination. 

The history of the accident should be obtained. The presence and 
location of pain are determined. How much is the functional usefulness of 
the leg involved? What does inspection reveal as to the local condition 
and the position of the limb? What does palpation reveal? How do the 
measurements of the leg and the trochanter compare with similar measure- 
ments of the uninjured leg? Last—and to be avoided if a diagnosis has 
been reached—what does gentle manipulation show as to the presence of 
crepitus in the hip? 
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In order to make a systematic examination all clothing, of course, 
should be removed from the patient. He then should be placed upon a 
firm and even surface. A hard mattress, a table, or a comforter spread 
upon the floor will provide the necessary conditions. An anesthetic is 
hardly ever necessary for diagnostic purposes. If an anesthetic is em- 
ployed, the hip should be handled in the gentlest manner possible. With 
an anesthetic all muscular spasm is abolished; therefore, movements of the 
hip are made without the protection of voluntary muscular spasm. All 
sudden quick movements should be avoided. There is great danger that 
an impacted fracture of the hip 
may be changed by rough han- 
dling, especially in the movement 
of rotation, to an unimpacted frac- 
ture. Palpation of the neck of the 
femur with the thumb in front of, 
and the fingers behind, the great 
trochanter will detect any irregu- 
larity or thickening and tenderness 
about the neck of the bone (Fig. 
1112). By palpation of the great 
trochanter one may discover there 
the seat of fracture. Swelling, 
tenderness, and crepitus may be 
































Fig. 1106.—Note the method of recog- Fig. 1107.—Bryant’s line, a plumb line 
nizing the relaxation of the fascia lata follow- from anterior superior spine of ilium, patient 
ing fracture of the neck of the femur. (Ham- supine. (Ashhurst.) 
ilton, Fractures and Dislocations. After Allis 
and. Nifong.) 


found. Only gentle strong traction in the line of the long axis of the 
thigh should be made to elicit crepitus and abnormal motion. 
Measurement.—The absence of any preexisting injury or disease of 
the hip under consideration is always to be carefully noted. Measurement 
should always be made with the patient lying on the back. The leg 
should be brought gently alongside of its fellow, and steadied by an 
assistant. Measurement should be made from the anterior superior spine 
of the ilium to the internal malleolus upon each side (Fig. 1191). If 
there is shortening upon the injured side, a fracture with some displace- 
ment is likely to have occurred. A normal difference in the length of the 
lower limbs is, however, not unusual. It is, therefore, necessary to deter- 
mine the presence of asymmetry if it exists, if any confidence is to be 
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placed in the measurements of the legs. Measurements should, therefore, 
be made of the tibia upon the two sides, and these compared. If no asym- 
metry appears to be present, any differences in measurement may be taken 
to be absolute. If it is impossible to bring the legs parallel, they must be 
placed in the same relative positions to the median line of the body. 
Bryant’s method of measurement is simple and of service (Figs. 1075, 
1107). The limbs are placed symmetrically. The top of the trochanter is 
marked upon the skin. A perpendicular line is dropped. from the anterior 
superior spine to the table upon which the patient lies. Measurement is 
made from the top of the trochanter to this perpendicular line. If fracture 
of the neck of the femur has occurred, and there is displacement or short- 
ening of the limb, the distance from the perpendicular to the top of the 





Fig. 1108.—The type of fracture to Fig. 1109.—Fracture of the neck of the femur 
which a Whitman or Brackett or Mag- at the base of the neck or at the middle, with ab- 
nuson operation might be appropriately sorption of the intervening bone. The head remains 
used, if the disability were severe enough. intact. Note great shortening. Fibrous tissue 
union may give a useful though weak hip. Such a 
case may be helped by support to low spine, sacrum, 
and the hip. If greatly incapacitated, a Whitman 
or Brackett or Magnuson operation might be in- 
dicated. (Healy.) 


trochanter will be less than a like measurement on the uninjured side. 
The position of the top of the great trochanter is determined with refer- 
ence to Nélaton’s line. If the leg is rolled outward, dislocation of the hip 
forward would be suspected, but the absence of the head of the bone ante- 
riorly and ‘the absence of other positive signs should eliminate dislocation. 
If the leg is rolled inward, a dislocation of the hip upon the dorsum ilii 
would be considered. The absence of other positive signs of dislocation 
and the presence of the head of the bone in the acetabulum should con- 
vince one of the nonexistence of dislocation. In an elderly person who 
presents no well-marked sign of fracture, but who is unable to use the limb 
after ever so slight an injury, a fracture of the hip should be so strongly 
suspected that, until the roentgen ray proves it absent, he should be 
treated as if a fracture were present. 
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A diagnosis of a simple contusion or sprain about the trochanter or the 
hip following a fall in an elderly person should not be made until careful 
lateral or stereoscopic roentgen rays have proved the absence of an im- 
pacted or fissured fracture. 

An elderly person may fall, have little or no immediate pain in the hip, 
have no functional disability, 7. ¢., be able to make all the usual move- 
ments of the hip, have none of the classical signs of fracture, and yet have 
a fracture of the neck of the femur. This fact should stimulate very care- 
ful x-ray examinations in injuries to the hip in elderly people. 





Fig. 1110.—The rotation of the head, with an increase of the angle of the femoral neck and 
the deep impaction of the neck into the trochanteric fragment are clearly seen. The angular 
deformity with overriding is shown in the inner side of the neck. Woman sixty-four years old. 
Walked alone, with very little pain, immediately after the accident. (Speed, Annals of Surgery, 
February, 1924.) 


Prognosis and Result.—In the very aged and feeble the shock of a frac- 
ture of the neck of the femur is severe. The danger to life in these cases 
is great. The fracture may be a terminal condition, the last straw in the 
balance. The frail, elderly woman with cardiovascular renal disease, who 
becomes, after the fracture injury, slightly mentally wandering and deliri- 
ous may die after a week or ten days. In such cases the folly of attempt- 
ing reduction is obvious. An elderly patient may die of shock within two 
or three days, or within a week of hypostatic pneumonia, or may live 
several weeks and die of exhaustion because of pain and the enforced con- 


finement. 
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If the fracture can be treated by proper reduction and absolute im- 
mobilization, union will occur in most cases. The impacted cases will 
unite if properly treated. Chronic rheumatism may prevent a fractured 
hip from ever becoming useful. 

If a fracture of the neck of the femur does not show union after eight 
weeks, nonunion may be regarded as present. There is no such thing as 
delayed union following fracture of the neck of the femur. 





Fig. 1111.—The fracture extends high into the head of the bone. The head of the femur is 
rotated so that the neck angle is increased instead of diminished. The impaction is deep and 
in the outer aspect of the neck more than the inner, on account of the head rotation. The over- 
riding is plainly seen again on the inner aspect of the neck. Walked upstairs immediately after 
the accident. (Speed, Annals of Surgery, February, 1924.) 


Nonunion following fracture of the neck of the femur is less common 
than a few years ago, when adequate reduction and immobilization were 
not used. 

Nonunion of the hip fracture does not preclude a useful limb (Fig. 
1113). Ununited fractures of the hip are greatly benefited by proper 
ambulatory apparatus. They may be made to unite by mechanical means 
even several weeks and months after the injury. An autogenous bone 
graft, by means of a bone peg which passes through the great trochanter 
and into the neck and head of the bone, will secure union of the fracture 
of the neck in at least 65 per cent of these cases (Henderson). This is 
particularly true of fractures occurring in young adults. 

The care of the patient after operation is very important. This care 
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includes the fixation of the limb and the gradual return to weight-bearing 
preceded by muscle exercises and joint movements. 

The earlier the bone grafting operation is done following the fracture 
the better will be the result. 

Disability after Fracture of Neck of Femur.—There are several pos- 
sible disabilities following fracture of the neck of the femur: Shortening 





Fig. 1112.—Method of palpating the trochanter of the right femur. 


of the imb. Slight eversion of the foot. Some limitation in the extreme 
motion at the knee. Some limitation in certain hip movements in the ex- 
treme positions. A slight limp, a feeling of weakness and insecurity. 

If the form of treatment chosen for a given case is appropriate and is 
carefully followed out, the result of fracture of the neck of the femur is a 


( 
Fig. 1113.—Man forty-five years old. Fracture of the neck of the femur. Union ligamentous, 
with displacement. A useful limb was secured. (a-Ray tracing.) 


useful hip without marked disability and in many instances without any 
disability whatsoever. 

If there occurs a linear fracture through the neck of the bone, it is 
usually obliquely linear, without displacement. Simple support and 
moderate immobilization for about four to eight weeks will be necessary. 
Active daily movement of the knee, ankle, and hip may be permitted while 
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the patient lies in bed on the back. Such a fracture requires adequate 
protection from weight-bearing for six months to a year. Thus will post- 
fracture pain, disability, and coxa vara be avoided. 





Fig. 1114. Fig. 1115. 


Fig. 1114.—Before treatment, anteroposterior x-ray view. Marked eversion of distal 
fragment. Very prominent lesser trochanter. Proximal end of distal fragment looking anteriorly. 
(Holmes.) 

Fig. 1115.—Lateral view of Fig. 1114 before reduction. Note relative positions of the two 
fragments looking forward. (Holmes:) 
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Fig. 1116.—After attempt at repositioning. Note that the proximal end of the distal fragment 
appears distinctly and in better alignment. (Holmes.) 
Fig. 1117.—Lateral view of Fig. 1116. Note end apposition as compared with Fig. 1115 where 
there is contact. Not absolutely perfect reduction but satisfactory. (Holmes.) 


The anteroposterior and later a-rays of the neck of the femur should 
be carefully taken. In the accompanying a-ray prints (Figs. 1114-1117) 
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may be seen the advantage of adding the lateral view to the w-ray infor- 
mation secured by the ordinary anteroposterior view. 

Clinical Types of Fractures of the Neck of the Femur.—1. Central 
loose types of fracture, seen early. This is the common fracture, without 
impaction. 

2. Incomplete and impacted fracture: (a) This will include the linear 
type without displacement—the slightly impacted kind. (b) The neck is 
shortened, the angle of the neck is preserved—the much impacted variety, 
which is rather rare. 

3. Very feeble persons with either the first or second type of fracture. 

4. Central loose type of fracture seen after some time has elapsed. 

5. Fracture of the neck of the femur in childhood. 

Treatment of Fracture of the Hip.—The surgically efficient treatment 
of the fracture of the neck of the femur will be the most conservative and 
satisfactory treatment for the patient. 





Fig. 1118. Fig. 1119. 
Figs. 1118, 1119.—Coxa vara following fractured neck of femur. (From Moorhead, Traumatic 
Surgery.) 


Methods of Treatment.— (a) Steel internal fixation, the treatment to be 
used when possible. 
(b) Abduction, ete., plaster of Paris splint (Whitman) . 
(c) Abduction, frog position, plaster of Paris splint (Moore-Straus) . 
(d) Extension (Buck). 
(e) Abduction with traction splint (Bradford). 
(f) Artificial impaction, plaster of Paris splint (Cotton). 
(g) Operative treatment for nonunion. 
Refreshing bony surfaces. 
Removal of head of bone. 
Bone peg. 
Brackett operation. 
Whitman operation. 
Magnuson operation. 
Colonna operation. 
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General Considerations Fractures of the hip or of the neck of the 
femur demand the greatest tact in their management. The aged respond 
readily to care. The patient should be made to feel as comfortable as pos- 
sible while confined to his bed. Particular attention should be paid to diet 
and to all little comforts. The discomforts attendant upon immobilization 
are often great. Let the days spent in bed be made especially attractive. 
Be sure that agreeable friends visit the patient, seeing to it that they do 
not stay so long a time as to weary him. Let them.interest him in the 
news of the day, so that he may feel that he is keeping up with events. 
Employ a skilled nurse to minister to his wants; a bright and cheerful 
woman nurse is ordinarily better than a man nurse. The pulse is to be 
carefully watched as well as the respiration. A moderate amount of alco- 
hol once or twice a day with meals is to be used. The courage of the aged 
needs bracing. Bed sores develop with surprising rapidity. Skilled watch- 
fulness and immediate treatment will often check the progress of a red 
pressure spot. The part exposed to pressure should be kept very clean 
with soap and warm water; it should be bathed with alcohol, thoroughly 
dried, and well dusted with powder (starch. and oxide of zinc, equal 
parts); and the pressure should be relieved by proper pads or cushions. If 
the heel is the part involved, a rubber cushion or a ring made of sheet 
wadding wound with a bandage may be used. A certain amount of mov- 
ing about in bed should be granted to old people. Asthenic hypostatic 
pneumonia from long-continued resting in one position is not uncommon. 
Therefore, moving about a little in bed, to the extent of sitting upon a 
bed rest at varying angles, is beneficial. Deep rhythmic breathing while 
lying flat on the back is a splendid stimulator of the circulation. In the 
case of a fracture of the neck of the thigh bone occurring in an elderly 
individual have great regard for the general condition of the patient and 
immobilize the fracture by that method which seems best to meet the 
anatomical conditions. 

The old adage “Treat the patient and let the fracture go” no longer 
obtains. We can apply as efficient treatment to the fractured hip in the 
aged as in the young adult; and such rational treatment should be applied 
whenever possible, and it is almost always possible. The general care of 
an aged patient is none the less important because the treatment of the 
fracture is on a rational basis. 

(a) The Operative Internal Fixation Method.—The abduction non- 
operative Whitman treatment: (1) necessitates prolonged rest in bed; (2) 
a period of doubt (three months) as to whether union is to occur, at best 
only about 50 to 60 per cent of solid bony union; (3) a resulting stiffness 
of the knee. The method of Whitman was an advance over previous meth- 
ods. Whitman enunciated the principle that fractures of the hip should 
be treated as other fractures by reduction and immobilization. Whitman 
improved hip fracture treatment. The Whitman method did not com- 
pletely reduce certain fractures of the hip. The Whitman method does 
not effectively immobilize fractures of the neck of the femur. The lateral 
x-ray of the neck of the femur combined with the anteroposterior a-ray 
furnishes evidence of reduction or nonreduction of the fracture of the neck 
of the femur. The lateral 2-ray view should be used with the anteropos- 
terior view. The lack of immobilization of the fracture of the neck of the 
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femur by the plaster of Paris splint is superseded by the absolute immobil- 
ization secured by the operative nonabsorbable steel nailing. 

All operative nailing follows and is based upon the pioneering work of 
Dr. M. N. Smith-Petersen. He has pointed the way to a rational method 
of treatment. 

Methods of Approach to the Hip: The Method of Application of the 
Internal Fixative Nail—The form of the nail, the number of nails, and the 
technical details vary. The fundamentals are universally agreed upon 
that the absolute reduction of the fracture and the fixation of the frag- 
ments by nonabsorbable materials are necessary to obtain the best results. 
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Fig. 1120.—Schematic drawing representing site for injecting hip joint with novocain. 
The center of the femoral head lies under the point where the inguinal ligament and femoral 
artery cross and it is toward this landmark that the pins are directed. 

Lateral view shows larger nut on the upper pin and smaller nuts on the two lower pins. 
The wire in place prevents movement. (Moore.) 


The accuracy of the reduction and degree of the fixation will determine 
the success of the procedure. The work of Brewster of New Orleans, 
Wescott of Roanoke, Va., Thornton of Atlanta, Ga., Nicolaysen of Sweden, 
Callahan of Chicago, Ill., Moore of Columbia, S. C., Caldwell of Cincinnati, 
Ohio, O’Meara of Worcester, Mass., Bozsan of New York, N. Y., is helpful 
and important in deciding on the exact method to be followed in a given 
case of fracture of the neck of the femur. 

No matter what method of internal nonabsorbable fixation is used the 
work of Smith-Petersen underlies and is behind them all. He has demon- 
strated by his work that reduction of the fracture and absolute fixation by 
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nonabsorbable fixation material are essential to the successful treatment 
of fracture of the hip. 

The several steps in the operation as done by Austin Moore are as 
follows: A portable a-ray unit convenient to check in the reduction and 
the position of the nails after they are inserted. A small dose of morphine 
or a few grains of amytal is given prior to operation. 


Sogn 





Fig. 1121.—Patient on table, line of incision, mobile z-ray unit and tunnel which enables x-ray 
technician to change films from the opposite side of the operating table. 


Usual skin preparation: The hip joint is injected with 20 to 40 cc. of a 
2 per cent solution of novocain. Place of injection is important (Fig. 
1120). Reduction by traction in flexion adduction and internal rotation: 
the limb is placed in complete extension and abduction. An assistant, sit- 
ting, holds the limbs in their correct position. Leadbetter’s palm test is 
confirmation of reduction. «-Rays are taken (Figs. 1121, 1122, 1123). 

Insertion of Nails—Skin and subcutaneous tissue injected with 0.5 or 
1 per cent novocain. Incision outer side of the great trochanter. The 
anterior and posterior surfaces of the neck of the femur may be palpated 
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easily through this incision. Three nails are pushed in below the tro- 
chanter through the neck fracture into the head of the femur. The rota- 





Fig. 1122. Fig. 1123. 
Fig. 1122.—Fracture of the neck of the femur. «-Ray anteroposterior view before operation. 
Before reduction. Note eversion of the distal fragment. (Moore.) 
Fig. 1123.—Fracture of the neck of the femur. z-Ray lateral view. Before operation. Before 
reduction. Note rotation of distal fragment. (Moore.) 


FRACTURE THROUGH NECK OF 
FEMUR FIXED WITH STAINLESS 
STEEL PINS. IMMEDIATE AMBULATION 





Fig. 1124——Femur reduced in good valgus position—oblique line of fracture. Landmark 
shown for inserting upper pin—just underneath the great trochanter—in the ‘‘Vasternus line.” 
Nails directed upward at acute angle. Fragments impacted and jammed tighter with weight- 
bearing. Extra drill holes to increase blood supply shown by dotted lines. Small wire shown 
holding nuts in place and preventing nails from working out backward. (Moore.) 


tion inward of 12 to 15 degrees of the femur, in which position it is held, 
places the neck of the femur parallel with the table top. 
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The details of insertion of the nails must be studied carefully in the 
February 15, 1937 issue of Surgery, Gynecology and Obstetrics (Fig. 1124). 
Check-up 2-rays, anteroposterior and lateral views are taken. 

Several drill holes according to the method of Bozsan of New York are 
made. The nails are protected from moving in or out by nuts and wire. 





Fig. 1125.—Fracture of the neck of the femur fourteen months after operation, anteroposterior 
x-ray showing union of fracture and position of the steel nails. (Moore.) 





Fig. 1126.—Fracture of the neck of the femur fourteen months later, lateral z-ray view. The nails 
are seen crossing each other. The nails should not be placed parallel. (Moore.) 


Tight engagement of the fragments is secured. The soft parts are closed 
over the nail ends. 

Postoperative care: Early movements. The patient is gotten up and 
allowed to go about in a wheel-chair or may be allowed the use of crutches. 
If the reduction is perfect and the nails have been properly placed, no 
external support is necessary (Figs. 1125, 1126). Patients are cautioned 
not to bear weight for six months after operation. 
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This particular method of Moore has been used a relatively short time 
about two and one-half to three years. If the results after several years 
continue as satisfactory as the early results then we have in this method a 
vast improvement over the nonoperative method (Fig. 1127). 





X- RAY- 10 MOS. AFTER ACCIDENT 


RESULT OF INTRACAPSULAR 
HIP FRACTURE PATIENT 
78 YRS. OF AGE 
PHOTOS IO MOS. AFTER 
ACCIDENT PERFECT 
FUNCTIONAL RESULT 





CONTRARY TO ADVICE THIS PATIENT DID NOT 

USE CRUTCHES OR ANY OTHER TYPE OF SUPPORT 
SHE HAS FELT NORMAL AND HAS DONE ALL OF HER 
HOUSEWORK SINCE FOUR WEEKS FOLLOWING HER INJURY 


Fig. 1127.—This is a series on a completed case, with end-result. This old lady, seventy-six 
years of age, was considered hopeless. Her general condition was just about as poor as one could 
imagine. She had advanced cardiorenal vascular disease, and death seemed certain. It was 
very doubtful that she could stand any type of operative procedure. Novocain anesthesia. 
She recovered beautifully. Was put up in a wheel-chair the next day. Out of the hospital in 
one week and has done splendidly ever since. The last pictures were made fourteen months 
after operation. She has solid union and perfect function with no pain. She looks better and 
her general health seems better than before the accident. (Moore.) 


The simplicity of Moore’s method; the fixation of the proximal frag- 
ment by the tripod of 3 strong nails; the introduction of the nails by hand 
and without the use of artificial protractors; the slight firm approximation 
of the fragments following the nailing; the use of Bozsan’s drilling pro- 
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cedure; the use of a local anesthetic; the early movement of the part after 
operation; the elimination of several months of doubt as to union; the ab- 
sence of joint stiffness at the knee. 

All these considerations make me personally choose the Moore method 
as the most desirable today. Moreover, the results thus far confirm me in 
my choice. 





Fig. 1128.—Incision for open reduction and drilling of the neck and head. (Bozsan.) 


(b) Bozsan’s Method of Drilling the Neck of the Femur.—Bozsan 
secures a perfect reduction of the hip fracture. This is confirmed abso- 
lutely. In the absence of roentgenographic control the accuracy of the 
reduction may be determined: 1. The retrotrochanteric hollow, formerly 
filled to bulging convexity, has now reappeared. 

2. The greater trochanter stands out prominently well forward and but 
little below the anterior superior iliac spine. 





Fig. 1129.—Incision of fascia lata. (Bozsan.) 


3. A high degree of symmetry is present in the two lower extremities. 

4. The Leadbetter palm test is positive. 

5. During exposure of the trochanter the palpating gloved finger ob- 
tains evidence of the correctness of the reduction. 

An incision is made over the trochanter (Fig. 1128) through the skin 
and fascia lata (Figs. 1129, 1130). The skin incision is placed well poste- 
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Fig. 1130.—Exposure of the rectus lateralis and the lowest portion of the great trochanter on the 
outer side. (Bozsan.) 
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Fig. 1131.—Palpation of anterior part of the neck of the femur through the lateral in- 
cision. (Bozsan.) 


riorly thus allowing drilling instruments to be easily managed. The pal- 


pation of the anterior and posterior region of the neck of the femur is now 
easily accomplished (Fig. 1131). 


54 
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The drilling is now performed by a drill %4 inch wide, 5% inches long. 
The drilling is done by hand. At the junction of the cortex of the femoral 

















Fig. 1132.—Drilling channels in different planes and at different angles. (Bozsan.) 

















Fig. 1133.—Schematic distribution of drill channels. (Bozsan.) 


shaft and the trochanter a small incision is made in the rectus lateralis so 
that the drill may revolve without entanglement (Fig. 1132). The direc- 
tion and depth of the drill channels are estimated by palpation (Fig. 1133). 
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One should not insert a drill below the level of the lesser trochanter or 
above the middle of the great trochanter. The number of drill holes varies 
from 5 to 9. The drill having entered the required distance is withdrawn 
gently and slowly by the reverse turning so as to leave the bone drill chips 
or dust in situ. This completes the procedure. The wound is closed. 
Bozsan is following the drilling by immobilization of the hip in a plaster of 
Paris spica splint. 

This drilling operation is described here because I believe it is helpful 
in the cases of fracture of the neck of the femur when internal nonabsorb- 
able fixative nails (Moore) are used. Bozsan is securing a high percentage 
of bony union and satisfactory results without employing the steel nailing. 
See later reports of Bozsan’s complete results with this fracture treated by 
reduction drilling and plaster of Paris spica splint. 

The abduction method has proved to be a satisfactory and effective 
treatment for fracture of the neck of the femur in certain cases. 

Principles Underlying the Abduction Treatment—Recognition of the 
pathology of the fracture; recognition of the anatomy of the hip. 

The proximal fragment is of small size. There is little or no callus seen 
outside the line of fracture. The process of repair requires the security of 
exact apposition of the fractured surfaces. Fragments must be in as exact 
contact as possible—as in a grafting operation—to meet the local needs 
for the immediate repair. 

In fracture of the neck of the femur, the head being fixed in the acet- 
abulum, the displacement is always of the outer, or limb fragment. This 
displacement of the distal fragment depends upon the force of the accident 
and the muscular action of the powerful group of muscles attached to and 
about the great trochanter, namely, the obturator internus and externus, 
the gluteus medius and maximus, the pyriformis, the quadriceps femoris 
and the iliopsoas. If the separation is complete the displacement is usually 
upward, backward, and outward, and to appose the fragments the limb 
must be lifted forward, rotated inward, and drawn downward to its normal 
length. But, since the neck of the femur projects from the shaft at an 
angle, the apposition is in a lateral relation and is unstable because there 
is no point of resistance. If now, the limb be abducted to the normal 
limit, the extremity of the neck is brought down to a horizontal plane. 
As the capsule surrounds each fragment its tension, consequent on ab- 
duction, aligns them, and since the head is fixed by the acetabulum, forces 
an end-to-end and resistant contact. Furthermore, at the limit of abduc- 
tion the upper border of the shaft fragment and the trochanter are apposed 
to the rim of the acetabulum and the side of the pelvis. Thus, security is 
assured by the tense capsule, by direct and indirect bony contact, and the 
muscular importance incidental to the attitude of complete abduction 
(Figs. 1139-1151). 

Impaction in Hip Fractures—The traditional impaction is a firm im- 
plantation of one fragment in another, or other resistant relation that 
assures contact and thus repair. This is, however, in connection with hip 
fractures, merely a clinical conception, suggested either because the de- 
formity is slight or because some voluntary control of the limb is retained, 
which is rarely confirmed by x-ray examination, or by the test of reduc- 
tion. Deformity to a degree to embarrass function should always be 
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corrected even if resistant, because the manner by which this is accom- 
plished has no analogy to the “breaking up of an impaction,” and because 
the more accurate adjustment of the fractured surfaces assured by correc- 
tion, far from endangering union, is in many instances the only means of 
assuring it. 

Exact position of the limb to be sought in most fractures of the neck. 

When this adjustment has been accomplished, a long plaster spica is 
applied, fixing the limb in full extension, full abduction, and slight inward 
rotation. Although the spica is a direct support, its chief function is to 
hold the limb in the selected attitude that makes the internal or anatomical 
splinting effective, as may be demonstrated by x-ray examination through 
the plaster at intervals of weeks or months. 


Steps in Applying the Abduction Treatment 


1. Complete anesthesia. 7. Abduction of injured side to limit set 
2. Proper sacral support, or fracture table. by sound side. 
3. Two assistants. Reduction of shorten- 8. Fix limbs in complete abduction, full 
ing by manual traction. extension, slight inward rotation, knee 
4. Lifting upper thigh to level of sound slightly flexed. 
side. 9. Foot at right angle with leg and slightly 
5. Rotation inward of injured thigh. adducted. 
6. Abduction of the sound hip to the limit. 


Application of Fixation Plaster of Paris Splint—The Long Plaster of 
Paris Spica.—The patient clothed only in fitted shirting or a combination 





Fig. 1134. Fig. 1135. 
; Fig. 1134.—Complete fracture of the neck near the base. (Whitman.) 
Fig. 1135.—After removal of the plaster spica showing the process of repair and the restoration 
of the normal angle of the neck assuring the range of abduction. (Whitman.) 


suit of underclothing, having been anesthetized, is lifted to a pelvic rest 
screwed to the end of the table (Hawley) and provided with a perineal 
bar for counterpressure, the shoulders resting at an equal height. The 
limbs, extended and side by side, are each supported by an assistant. 
Direct manual traction on the limbs is then made by the assistants against 
the resistance of the perineal bar, while the surgeon, standing on the 
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injured side, lifts the thigh upward, guiding the trochanter to its normal 
position. 

When the shortening has been reduced as demonstrated by compara- 
tuve measurements, the limb, which is usually rotated outward, is turned 





Fig. 1136. Fig. 1137. 


Fig. 1136.—Typical incomplete fracture in childhood. (Whitman.) 
Fig. 1137.—After reduction by the abduction method. (Whitman.) 





Fig. 1138.—Showing the range of normal abduction and its limitation by bony contact on 
one side, and the depression of the neck and limitation of the abduction consequent upon un- 
corrected deformity on the other. (Whitman.) 


until the patella points slightly inward. The two assistants, still exerting 
equal traction on the limbs, then abduct them, that on the sound side 
slightly in advance, in order to demonstrate the normal range and to 
balance its fellow, so that the tension on the capsule as the fracture is 
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adjusted may not tilt the pelvis upward. A final inspection shows the 
extended limbs equally abducted on a level pelvis with all the landmarks 
corresponding. Attention is again called to the order of the manipulation, 
direct manual reduction of the shortening, and inward rotation preceding 
the abduction (Figs. 1142, 1145). 





Fig. 1139.—Section of a hip joint. The dotted outline illustrates limitation of the range of 
normal abduction by contact of the outer border of the neck with the upper border of the ace- 
tabulum and of the trochanter with the tissues covering the side of the pelvis. (Fick.) 


The so-called “impactions” are usually reduced as easily as those that 
are evidently complete, resistant cases being far more often encountered in 
early life, when the fracture may be incomplete or of the epiphyseal type. 
The impacted fracture has lost its former significance, because the abduc- 


& 





Fig. 1140.—Impacted fracture of the neck Fig. 1141.—Illustrates the restoration of 
of the femur, illustrating the limitation of ab- the normal angle by forcible abduction. 
duction caused by deformity. (Whitman.) (Whitman.) 


tion method assures reduction without violence, supplemented by at- 
tempted immediate fixation. 

Position of Lower Limbs After Reduction—The typical attitude in 
which the limb is fixed after adjustment of the fracture is one of complete 
abduction, complete extension, and slight inward rotation. The knee is 
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Fig. 1142.—Fracture of the left hip. Note abduction. Rotation inward of left lower ex- 
tremity; slight hyperextension of thigh. Plaster splint being applied. Traction on left leg. 
Right leg being steadied in complete abduction. (Whitman.) 





Fig. 1143.—The plaster spica properly applied in complete abduction, complete extension, and 
slight inward rotation. The elevation of the head of the bed is shown. (Whitman.) 


slightly flexed and the foot slightly adducted and in a right-angular relation 
to the leg. 
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The Abduction Plaster of Paris Spica—In the application of the spica 
the body and limb are first carefully protected. A close-fitting shirting or 
a “union suit” of underclothing is drawn on and covered by bandages of 
sheet wadding, and Canton flannel made especially thick about the upper 





Fig. 1144.—Fracture of the left hip. Same as Fig. 1142 after application of plaster splint. Prone 
position. Note degree of abduction. (Whitman.) 














Fig. 1145.—Impacted fracture of the neck of the right femur, illustrating the reduction of 
the deformity by direct traction and abduction. The operator supports the joint. The left 
limb is abducted to indicate the normal range, which varies in different subjects, and to prevent 
tilting of the pelvis. Patient placed on table. (Whitman.) 


part of the chest, the pelvis, and the sacrum may be used. The plaster 
support should extend from the nipples to the tips of the toes. It should 
be thick and unyielding about and below the joint, completely covering 


and enclosing the buttock. The spica is usually strengthened at the hip 
by the insertion of one or more thin steel bars. 








Fig. 1146.—The long spica as applied for the treatment of fracture of the neck of the femur in 
the adult at an angle of abduction of 45 degrees. (Whitman.) 





Fig. 1147.—Fracture of the neck of the femur. A double spica bandage of plaster of Paris 
applied under an anesthetic. The thigh slightly flexed, abducted with traction. x, Rod of plaster 
holding thigh steady; z, splint extends to knee only; y, injured leg splint extends to ankle or in- 
cludes whole foot; w, body or pelvic portion of splint. The frog spica. (Straub.) 
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Fig. 1148.—Same as Fig. 1147, a front view. If the splint of plaster is carefully applied it 
is a most comfortable splint and not a tedious position for convalescence. The thighs cannot 
always be so much permanently flexed. Legs are suspended just to clear bed. The frog spica. 





Fig. 1149.—Plaster of Paris splint to lower extremity and pelvis with thigh and leg flexed 
so that in elderly people the sitting position may be used as well as the recumbent position. 
Very occasionally this position is desirable after fracture of the neck of the femur or impacted 
fracture through the femoral trochanters. (After Preston and Nifong.) 


The spica should be cut at the pelvis to permit the full flexion of the 
sound thigh. If the patient complains of constriction of the chest it may 
be split at the top, or an opening may be made over the abdomen. Another 
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covering of shirting may be drawn over the plaster and sewed to the first, 
thus binding the margins with thick soft material. 

Explanation of Methods: Details —As has been stated, the purpose of 
the Support is to assure anatomic rather than direct splinting. The long 
Spica 1s most effective because the leverage above and below the joint is 
fairly equal. The limb is hyperextended in order that the strong anterior 
wall of the capsule may be made tense and because support in this position 
checks any tendency to backward displacement of the outer fragment to 
which the force of gravity predisposes. 
Slight flexion at the knee reduces the 
strain on the joint, and the inward rota- 
tion follows the principle of overcorrec- 
tion of the preexisting deformity. When 
the plaster is firm the patient is placed 
in bed, the head of which has been raised 
a foot or more by blocks. This inclina- 
tion compensates for the pillow and, in 
contrast with the elevation of the foot of 
the bed, as is usual when traction is 
employed, improves the blood supply of 
the injured part. 








Fig. 1150.—The short spica applied to fix the Fig. 1151.—The short (Lorenz) 
limb in the abducted position, showing the method _ spica, illustrating the perineal band 
of molding it about the pelvis and knee to assure which prevents movement of the pelvic 
fixation. (Whitman.) portion of the spica. (Whitman.) 


The normal abduction of the hip is limited by the contact of the great 
trochanter with the tissues above the acetabulum. When the limb is nor- 
mally abducted the under part of the capsule is rendered taut and tends to 
retain the broken neck or head in normal relations, while the abducted 
position itself helps to force the broken neck more and more into its 
natural relations. In an impacted fracture the abducted position serves to 
reduce deformity without altogether separating the fragments and com- 
pletely breaking up the impaction. In complete and unimpacted fractures the 
abducted position adjusts the fragments and fixes them (Figs. 1139-1152). 
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If the plaster spica has been properly applied and adjusted it is far more 
comfortable than any appliance that, like traction, requires rest upon the 
back. The patient may be turned at intervals to the side, or completely 
over, to relieve the pressure on the sacral region, or even moved from place 
to place without discomfort. Thus hypostatic congestion and bed sores 
may be prevented. 

The apparatus required in applying the treatment is of the simplest 
description and can be easily obtained or improvised. The patients are 
anesthetized to relieve discomfort and because muscular relation is essen- 
tial to complete abduction. Gas and oxygen, if skilfully administered, 
answer the purpose and should be comparatively free from danger even in 
advanced life. 

If a fluoroscopic reduction of the fracture of the neck of the femur is 
impossible, it is absolutely essential that the attempted reduction of the 
femoral neck fracture should be confirmed by a lateral and a stereoscopic 
roentgen ray. Even if the fluoroscope is used, the stereoscopic plates 
should be taken for a record of the case. It will rarely be necessary to 
attempt reduction a second time. The roentgen ray will determine this. 

After-care of the Patient in Abduction Plaster Splint —The plaster spica 
is retained as a support from eight to twelve weeks, a time sufficient, it 
may be assumed, to assure adhesion of the fragments as demonstrated by 
the roentgen ray, but by no means a resistant union. After its removal 
the patients remain in bed preferably for several weeks for massage, pas- 
sive and active movements of the joints, and reestablishment of muscular 
control. Several times a day the limb is drawn out by the attendant to 
the full limit of abduction, otherwise a gradual restriction of its range 
will be apparent, a clinical indication of the fact that flexion and adduc- 
tion are the natural accommodations to weakness and discomfort. Weight- 
bearing, therefore, should never be permitted with the possible exception 
of certain fractures at the base of the neck, or in childhood, for at least 
six months, and often only after a much longer interval, because repair 
is slow and because the strain is much greater than in any other situation. 
The indications for resumption of functional use are the situation of the 
fracture, the process of repair as shown by w-ray pictures, and, above all, 
by the restoration of voluntary control and free and painless active move- 
ments. Since the period of reconstruction is so prolonged, the use of a 
caliper hip splmt which permits locomotion without direct weight-bearing 
is desirable; otherwise, crutches must be employed. 

(c) Frog plaster (Moore’s method)—without attempting to modify 
the Whitman method. In certain cases of all first three groups there will 
be times when the plaster of Paris splint may with comfort and propriety 
be applied with knees and thighs flexed in the frog position (Figs. 1147- 
1149, inclusive) . 

Premature weight-bearing may prevent union in central neck fractures, 
while in those at the base of the neck it may increase deformity or stimu- 
late excessive callus formation. 

Adequate protection after union of the fracture is very important. 
Prolonged abstinence from full weight-bearing is essential. 

The overwhelming accumulation of evidence that the abduction treat- 
ment is efficient in about 60 per cent of the cases in the treatment of 
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fracture of the neck of the femur in securing bony union has improved the 
treatment of the hitherto most neglected of all fractures. One may offer 
a favorable prognosis both as to life and function in about 60 per cent of 
cases treated by the abduction method if it is effectively applied. 





Fig. 1152.—Epiphyseal fracture. The Fig. 1153—Taken through the plaster 
apparent shortening of the neck and the loss _ spica after reduction. The trochanter is ap- 
of the prominence of the trochanter are ex- posed to the side of the pelvis and symmetry 


plained by the outward rotation of the limb. is restored. (Whitman.) 
(Whitman. ) 





Fig. 1154.—Six months later, showing anatomical reposition. Compare with Figs. 1152 and 1153 
(Whitman. ) 


(d) Light traction and some form of partial immobilization. Method 
applicable to the few cases (Group 2) having an impacted fracture in 
which an anesthetic is to be avoided and the least manipulation possible 
made of the injured part. 
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The patient should be placed upon a comfortable, firm hair mattress. 
Underneath the mattress, crossing the bedstead from side to side, should be 
placed several wooden slats about 8 inches apart. These bed slats prevent 
sagging of the mattress and much consequent discomfort. Great caution 
must be exercised that no sudden or forcible movements of the hip are 














Fig. 1155.—Case of Whitman. A girl sixteen years old. Injured by a fall from a carriage. 
Fracture of the neck of the femur. This x-ray was taken six months following the accident. 
Note that the arrows a and 6b point to the seat of fracture. The arrow c almost touches at its 
tip the rim of the acetabulum and the rounded head of the femur. 








Fig. 1156.—Hawley fracture table: flexion of thigh on body and flexion of knee. (The Kny- 
Scheerer Corp.) 


made which might break up the impaction of the bone or cause unnecessary 
pain. The leg should be placed in as natural a position in extension as 
possible. The knee should be placed upon a pillow. Extension strips of 
cotton cloth should be applied to the leg and thigh as high as the perineum, 
and should be held to the skin by Sinclair’s glue or adhesive plaster 
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extension strips may be used. A weight of about 5 pounds should be 
applied to the extension while the leg is gently rotated and carefully placed 
approximately in the normal position. The foot of the bed should be 
elevated to the height of 6 inches in order to secure counterextension. 
Long and heavy sand-bags should be placed on each side of the leg and 
thigh to assist the light extension in affording support and to give a sense 
of security. The heel, as mentioned before, should be properly protected 
from undue pressure. The foot should be kept at a right angle with the 
leg. To afford still greater immobilization, if it is absolutely necessary, a 
long T splint extending from below the foot to the axilla of the injured side 
may be applied by straps about the leg and a swathe about the body (Figs. 
1209, 1210). The whole lower extremity should be placed and kept in 
slight abduction. I have found that the application of a strap, made of 
duck, about the hip and pelvis is of great use. The strap is 4 or 5 inches 
wide and has stitched to it 2 pads of leather 3 or 4 inches apart. These 
pads are adjusted so as to rest behind and in front of the great trochanter 
of the injured hip. 

The posterior pad attempts to accomplish what the molding of the 
plaster of Paris spica does in the Whitman treatment—it supports the 
trochanter of the femur, preventing a falling or dropping or rolling of the 
femur backward and outward. 

The strap exerts firm lateral direct pressure on the trochanters. This 
strap, together with the light extension in an abducted position, will often 
be found of service. The skin over the trochanter and pelvis receiving the 
pressure must be cared for with bathing, alcohol, and powder. This old 
extension method will require most unusual care on the part of nurse and 
surgeon. It is very rarely applicable and is to be avoided whenever other 
methods can be used. 

The Maxwell-Ruth plan, a position and traction method for treating 
femoral neck fracture, is as follows: (a) Flexing the thigh at right angles 
to the trunk, (6) an outward traction upon the upper end of the femur in 
order to correct the displacement in fracture of the neck, (c) the adjust- 
ment of a continuous lateral traction, (d) and direct longitudinal traction 
by Buck’s extension. This plan of Maxwell for fracture of the neck of 
the femur is not to be recommended as a routine procedure. 

This method uses the capsular ligament as a splint by making the cap- 
sule tense through the application of traction in two directions. It is not 
necessary to use an anesthetic in applying the Maxwell-Ruth method of 
treatment. 

After-care of the Simple Traction Method—tThe general care of the 
patient should be as outlined previously. He should be kept quiet in bed 
for about six weeks. During the second week he may be bolstered up on 
pillows to the half-sitting position. Ordinarily, the extension may be re- 
moved during the fourth week. The patient may then be lifted to another 
bed or divan and be rolled into an adjoining room. In this change the 
thigh should be supported by sand-bags. The patient may be up ina 
wheel-chair after the first two months with the knee straight or flexed. He 
may use crutches and a high shoe upon the well foot, not bearing any 
weight upon the injured hip for about six months. He should be protected 
by a hip splint as mentioned under the abduction treatment. He should 


864 FRACTURES OF THE FEMUR 





Fig. 1157—Mrs. N. C. C., October 3, Fig. 1158.—Mrs. N. C. C., October 3, 
1921. Central fracture of neck of femur. 1921. Reduction in abducted position. Note 
Compare with a-ray of uninjured hip, Fig. bone contact and relative position of head 
1162. (Campbell.) and neck. (Campbell.) 





Fig. 1159.—Mrs. N. C..C., October 3, Fig. 1160—Mrs. N. C. C., January 4, 
1921. After artificial impaction. Note closer 1922. After removal of plaster spica splint. 
approximation of fragments than in Fig. 1158. | Note bony union with artificial impaction 
(Campbell.) maintained. (Campbell.) 





Fig. 1161.—Mrs. N. C. C., February 10, 
1922, four months after accident. Note solid 
bony union. Result December, 1924, function 
of hip perfect. Bony findings essentially the 


same as in this plate. Compare Fig. 1162. 
(Campbell.) 


Fig. 1162.—Mrs. N. C. C., October, 1921. 
Uninjured hip. Compare this with injured 
hip, Fig. 1161. Note upper and lower lines of 
neck and relation of head to neck. 
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not. bear weight upon the hip without the assistance of crutches and splint 
for about six months to a year. 

At the end of a year he may be walking with one cane. The foregoing 
is the course of a case treated according to the old-time simple extension or 
partial immobilization method. It is a matter of common observation that 
some apparently impacted hips recover with fairly useful limbs with this 
treatment. Apparently impacted hips are known to have recovered with 
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Fig. 1163.—Bradford abduction traction Fig. 1164.—Bradford abduction traction 
splint for right hip fracture. Anterior view. splint. Posterior view. Note key for ratchet. 
Note key for ratchet. Straps for thigh (H), (Photo by Soutter.) 
calf (I), and ankle (K). (Photo by Soutter.) 


useful limbs without medical or surgical advice or treatment, the fracture 
having been thought at the time of injury in the absence of marked de- 
formity to be a severe contusion, which would be all right in time. These 
cases have occurred both among adults and children. 

A certain proportion of cases fail to unite under. apparently favorable 
conditions. 

(e) The Bradford Abduction Splint.—The use of plaster of Paris for 
the long spica in fractures of the hip has advantages. It is always avail- 

55 
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able, it is easily applied, the method is of universal applicability. It can be 
used in the aged, it will always be the splint for emergency treatment and 
the permanent splint for most surgeons to use. On the other hand, one 
advance in fracture treatment in recent days is the recognition of the use 
of means for retaining fractures which permit of muscle functioning and 
access to the parts involved. 

The Bradford splint, a modified Thomas splint, is a most desirable ad- 
dition to the armamentarium of the surgeon for immobilizing the hip in a 
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Fig. 1165.—Bradford abduction _ trac- Fig. 1166.—Bradford abduction  trac- 


tion splint. External lateral view. (Photo tion splint. Internal lateral view. (Photo 
by Soutter.) by Soutter.) 


position of abduction, extension, and rotation inward and at the same time 
allowing access to the part and permitting early locomotion. 

Patients in very considerable number with fracture of the neck of the 
femur have been treated far more comfortably in this splint and with the 
same satisfactory anatomical results as in plaster of Paris. 

Moreover, with the abduction splint movement of the patient without 
assistance is possible, general muscular atrophy is minimized, general cir- 
culatory conditions are improved, the entire skin surface can receive daily 
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Fig. 1167—Bradford abduction splint. View from above of the two thigh bands. (Photo by 


Soutter.) 





Fig. 1168.—A Bradford abduction splint ap- 
plied, showing patient wearing high soled shoe; 
crutches. Splint useful in fracture of the femoral 


neck in adults (Fig. 1169). 


(L. S. Kemp.) 


Fig. 1169.—Case sixty-three years 
old (Fig. 1170). Fracture of the neck of 
of the femur. Bradford traction and 
abduction splint used in treatment. 
Note splint in place—high sole on op- 
posite foot. (L. S. Kemp.) 
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attention. At the end of the second week the patient is helped in walking, 
wearing a low lift on the shoe of the uninjured leg, so that the splint clears 
the floor. At the end of eight or ten weeks immobilization is omitted. 
The hip is then protected by a hip splint only, without abduction. At the 
end of five or six months following fracture patients are walking protected, 
with and without a cane, and without great knee stiffness and with splen- 
did muscle tone. 

The Bradford splint is not advocated for general use. It can only serve 
the man skilled in measuring, applying, and caring for it. It must be 
made for each patient. 

It is presented here as having more ideally cared for this distressing 
injury than any other apparatus thus far used. The time required for 
treatment is reduced to a minimum. The general good condition of the 
patient following such a fracture is quite in contrast to that seen as a 
routine from the prolonged plaster of Paris splint. 

The illustrations show the splint and its use. 

Measurements for the Bradford Abduction Splint—Length A-B from 
. the tuberosity of the ischium to the sole of the foot, plus 24% inches (Fig. 
1163). 

Measure oblique (45 degrees with upright) circumference of groin 
skin, I. 

The mechanic is instructed to allow for the leather padding. 

The front of the ring is to be open (E, C) 2% inches. 

A buckle is placed at E and a corresponding strap at C. 

Measure the skin circumference at II of the middle of the thigh, III at 
the knee, IV at the calf of the leg, V over the ankle joint. 

Taking a tracing of each side of the whole length of the lower limb. 

Mark on this tracing the level of the sole of the foot, the ankle joint, 
and the knee joint. The anteriorly placed thigh band (H) is made of 
leather. 

The posteriorly placed calf band (1) is made of leather. 

The strap (K) is made narrow to encircle the ankle a bit loosely. An 
extension foot piece may be added to this splint if it is thought desirable. 

The abduction arm should be long enough so that the end does not 
press unduly into the buttock when the patient is seated. 

(f) Artificial Impaction of the Hip.—Cotton has made a distinctly 
definite contribution to the treatment of fracture of the femoral neck. 
The method produces an artificial delayed impaction which simulates that 
which very occasionally occurs at the time of the accident. 

The method is applicable to so-called “loose fractures” unreduced, 
especially after slight delay in initial treatment. Obviously it is not to be 
used in long nonunion cases. It has been used successfully ten weeks after 
the accident. 

Cotton has extended successfully the application of artificial impaction 
to a few cases, seven weeks and ten weeks after injury, thus demonstrating 
by the results that the reparative process may be at times, but not always, 
stimulated by artificial impaction at these late dates. 

Operation of Artificcal Impaction—The operation should be done al- 
ways under a general anesthetic. 

1. The patient is placed on a fracture table (Hawley). The fracture is 
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reduced. Traction is made upon the injured limb until the length of the 
two limbs is essentially the same. The limb is rotated inward, the foot 
and toes being inverted. 

2. A pad of a double layer of saddler’s felt is placed over the great tro- 
chanter of the injured femur. The sound side of the pelvis is forcibly held 
braced by an assistant. 

3. The surgeon strikes a heavy following blow with a maul or heavy 
wooden mallet (84% pounds) on the padded trochanter; this blow is re- 
peated, if necessary, until he definitely feels something yield beyond the 
mallet. After this occurs it will be found that the leg no longer rolls 








Fig. 1170. Fig. 1171. 

Figs. 1170, 1171.—Case sixty-three years old (Fig. 1169). Fracture of the neck of the right 
femur. Treated by the Bradford abduction splint. Note result in flexion at hip and stability in 
walking. Sat up in bed after one week. Walking frame after three weeks. Walking with crutches 
after seven weeks. Union solid in nine weeks. Splint removed in bed after ten weeks. Walked 
with only crutch support after twelve weeks. No shortening. All motions practically normal. 
No limp. Resumed original occupation, matron of a large hall. (Kemp.) 


loosely into a position of eversion, but remains more secure. The appear- 
ances become those of an impacted fracture of the neck of the femur. 

4. The surgeon then has to deal with an impacted fracture of the hip. 
A plaster spica to the lower extremity is applied with the limb in abduc- 
tion and internal rotation, sometimes a double plaster spica is applied, 
including, however, only the thigh of the uninjured side. 

Abduction prevents adductor contracture often troublesome in the 
period of reestablishment of function. It neutralizes the tendency to coxa 
vara from muscle pull and is a more convenient position for the bed-care 
of the patient (Cotton). 
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5. After-care—About eight weeks of absolute immobilization followed 
by an ambulatory splint without weight-bearing; and later (after three 
months) protected weight-bearing; and still later (after six months) full 
weight-bearing. In a very heavy person the time for full weight-bearing 
should naturally be postponed. After six months Cotton says the question 
is one of use, of regaining strength, and of losing the limp. 

Campbell, of Memphis, Tenn., has used the method of artificial im- 
paction. He employed this method as a routine procedure in all complete 
central fractures of the neck of the femur. After artificial impaction the 
limb is placed in the abducted position in a plaster of Paris spica splint. 

I herewith reproduce from the Campbell clinic an a-ray record of a 
case (Figs. 1157-1162). 


Upper femoral 
epiphysis 





| 


Fig. 1172.—Separation of the upper epiphysis of the femur. Note epiphysis separated and 
displaced so as to rotate the femur inward, corresponding to the photograph of the attitude of 
this patient (Fig. 1174). Absence of the lesser trochanter demonstrates the rotation of femur 
inward. (Mumford.) (Fig. 1173.) 


The fact that artificial impaction can be secured uniformly without 
difficulty is here demonstrated and amply confirms Cotton’s original con- 
tention. Solid union by bone demonstrated in this artificially impacted 
case. 

The ability of this bony union to support the body weight without 
materially yielding after several years of normal weight-bearing is demon- 
strated in certain of these artificially impacted and abducted hips. 

Fracture of the Neck of the Femur in Childhood.—Whitman has called 
especial attention to this fracture. The anatomical proof of the existence 
of fracture of the neck of the femur in childhood has been furnished by the 
specimens of Bolton, Meyers and Starr, and by many 2-rays. The frac- 
ture occurs after traumatism to the hip probably more frequently than 
separation of the upper femoral epiphysis. It is not so uncommon an acci- 
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dent as has been supposed. The fracture often is probably impacted or 
greenstick. The clinical picture of fracture of the neck of the femur in 
childhood differs greatly from that furnished by a similar injury in old 
age. In the first instance a healthy child falls from a height, and presents 
a shortening of the thigh from % to %4 inch. There are slight outward 
rotation of the leg and limitation of motion and slight discomfort in the 
hip. The child may walk about after a few days with but a little lameness 
to suggest that any injury has been received. The child recovers with a 
limp. Months or years later signs of coxa vara appear. In childhood a 
rather severe injury is followed by immediate symptoms, and later by 
great disability. On the other hand, in old age a trivial injury is followed 
by immediate and complete disability. It is often overlooked in the child 
and is treated for a contusion or sprain of the hip. 


4 Upper femoral 
| epiphysis 


= Lesser trochanter 
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Fig. 1173.—Separation of the upper epiphysis of the femur. After reduction by traction. Note 
that the femoral epiphysis is in its normal place. 


The immediate result, however, is extremely good even without more 
than bed treatment, but the ultimate result after several months or years 
may be disastrous because of the disability due to a gradually increasing 
bending of the femoral neck. The late result of fracture of the femoral 
neck in childhood resembles hip disease in the limp, slight pain, shortening, 
deformity, and limitation of motion present. Care must be taken not to 
confound the two conditions. These later stages of fracture are to be 
treated by rest to the joint. All body weight and the jar of walking are to 
be removed by a properly fitting hip splint with traction. Refracture and 
operative measures are to be seriously entertained, as in other forms of 
coxa vara, particularly if the disability is great or is increasing. 

The treatment of a fresh fracture of the hip in children should be by 
reduction of the fracture and immobilization of the hip and thigh and 
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body. If there be deformity (shortening, eversion, or inversion) then the 
forcible abduction and plaster of Paris immobilization are required as in 
adults. After a month the child may be allowed up, wearing a traction hip 
splint for several months until union is so firm that the danger from coxa 
vara is practically eliminated. A light plaster of Paris spica bandage from 
calf to axilla will maintain immobility after the splint is omitted. 

The operative internal three-nail fixation may be used in children as 
in adults. A perfect reposition of fragments of the fracture of the neck 
of the femur in the adolescent period may well be treated first by the 
Whitman spica plaster of Paris splint. The child may await the three- 
month verdict as to union of the fragments. If union is not very secure 





Fig. 1174.—Separation of the upper femoral epiphysis in a child (Figs. 1172, 1173). Note 
the deformity as that of a dislocation of the hip on the dorsum of the ilium. Flexed and adducted 
thigh, flexed knee. 


despite an accurate repositioning a Bozsan drilling and further immobiliza- 
tion may secure union. 

Adolescent hip injury in 50 per cent is a slipped epiphysis (Key) due 
to trauma to a diseased epiphyseal line. Replace by Whitman treatment 
or by operation (Wilson!) . 

(g) Ununited Fracture of Femoral Neck.—In any ununited fracture of 
the neck of the femur the object of treatment is to place freshened bony 
surfaces in firm contact and maintain this bony apposition until union 
has occurred. The Brackett operation does this par excellence. The fail- 
ure of the wire nail alone lay in the fact that the bony surfaces were not 
materially freshened. 


1P. D. Wilson, Jour. Amer. Med. Assoc., Noy. 29, 1924, vol. 83, p. 1749. 
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The treatment of ununited fracture of the neck of the femur is-a com- 
plicated problem. Many factors enter into a decision in an individual 
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Fig. 1175 —Various methods of using the Thomas and the Hodgen splints. (Pearson and Drum- 
mond.) 
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Fig. 1176.—The principles involved in the application of a Hodgen splint in cases of fracture of 
the lower extremity. (H. Winnett Orr.) 





Fig. 1177.The ordinary cause of pressure sores: the ring has slipped up past the tuberosity and 
is nipped between the bone and the bed. (Pearson and Drummond.) 


case: The general condition of the patient. The social status of the indi- 
vidual. The amount of moving about that the old person desires to make 
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eventually in carrying on his daily routine. There are certain individuals 
in whom it is best simply to adjust a carefully fitted pelvic and thigh sup- 
port. Sufficient protection is thus afforded to enable the patient to move 
about with a cane or a crutch in comparative comfort. If operation 1s 
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Fig. 1178.—Sinclair foot board. Strips to which curtain rings bent into the shape of a 
triangle have been attached are glued to the sides of the foot as shown, and must not cross the 
dorsum. The padded board is attached to the foot by strings attached to the rings and tied 
under the board. (Blake.) 


indicated, I believe the Brackett operation is best suited to certain cases 
and that the Whitman operation is suited to certain other cases. I think 
the wisdom of a bone-grafting operation does not obtain as a routine pro- 
cedure. It is to be used with great discretion and judgment. 





Fig. 1179.—Hodgen splint. The pulley suspension cords and splint are arranged and let 
down on the limb. The extension cord is tied to the end of the splint. Three or four suspending 
slings are placed under the leg and thigh. The limb is then elevated and extended. Adjustments 
are quickly and easily made by the tent blocks. (Nifong.) 


Careful refreshening of the bony surfaces and firm apposition of these 
surfaces are the prime essentials. 

The nonoperative methods can, when the fracture is absolutely re- 
placed, give probably 60 per cent solid bony union. Three contributions to 
surgery have improved the treatment of fracture of the neck of the femur: 
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1. Smith-Petersen’s pioneering work with the three flange steel nails 
introduced to fix the fracture and insure immobility. 

2. The demonstration of the adequacy of the circulation in the head 
and neck of the femur (Wolcott). 

3. Roentgenological perfection of the taking of lateral views of the 
fracture of the neck of the femur (Johnson, Leonard). 

Separation of the Epiphysis of the Great Trochanter of the Femur.— 
This may occur under eighteen years. It follows a fall with violent muscle 
contraction. 

There is local tenderness and a hitch or limp in the gait. It is best 
treated by placing the patient on the back in bed and keeping the knees 
apart in extreme abduction for from three to four weeks, until union of 
the separated epiphysis has begun and all local tenderness has disappeared. 





Fig. 1180.—Hodgen splint. The suspending slings are applied from the heel to the hip. 
The internal splint bar reaches to the os pubis. The external splint bar reaches to the trochanter. 
The top of the limb should be about level with the splint. The thigh portion in this illustration 
is slung hardly low enough. (Nifong.) 


If this injury is unrecognized, increasing disability may result and there 
may be prolonged local signs of discomfort. 


FRACTURE OF THE SHAFT OF THE FEMUR 


Success or failure in the treatment of fracture of the shaft of the femur 
will be determined often by the first aid and treatment during the first 
seventy-two hours following injury. 

Groups.—Fractures of the shaft of the femur may be arranged for con- 
venience in three groups: 

1. Fractures of the upper third (above and below the lesser trochanter) . 

2. Fractures of the middle third (the shaft). 

3. Fractures of the lower third (supracondylar) . 

In fractures of the shaft the shortening is ordinarily caused by the 
action of the muscles attached to the pelvis above and to the femur and the 


tibia and fibula below. 
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Angular deviations following fracture are usually due to the action of 
those muscles having their origin or attachments to the femur itself. ; 
1. In fractures in the upper third of the shaft the line of fracture is 
typically forward and outward and when (a) above the lesser trochanter, 
the displacement is caused by the abduction and outward rotation of the 





Fig. 1181.—Fracture of the middle of the thigh. Characteristic deformity. 


upper fragment due to the resultant action of the pectineus and the glutei 
group of muscles. The hamstrings and rectus muscles draw the lower frag- 
ment upward and the adductor muscles draw it inward. 

In fractures in the upper third and when (6b) below the lesser tro- 
chanter, displacement is caused by the abduction, outward rotation, and 





Fig. 1182.—Fracture of the right femur at the middle. Characteristic deformity. Inward ro- 
tation of leg below fracture. 


flexion of the upper fragment. The anterior pull forward will be greater 
than in fractures above the lesser trochanter, due to the attachment of the 
psoas and iliacus muscles. The lower fragment is drawn upward and in- 
ward by the muscles acting in group a. 

When the line of fracture is oblique (c) from above downward and 
inward (Pearson), the adductor brevis pulls the upper fragment inward 
and, of course, it is pulled forward as well. This latter fracture is un- 
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usual. Obviously adduction of the upper fragment should be treated dif- 
ferently than is the great abduction of this fragment. 

A relatively intact periosteum may hinder great overlapping of frag- 
ments. If the periosteal stripping from either fragment is considerable 
there may result great shortening in addition to the usual angular de- 
formity. 

2. Fractures of the Middle Third.—These fractures have a variable dis- 
placement and it does not follow any regularity. The acting force often 
determines the resulting displacement rather than muscle pull. These 


[ 








Fig. 1183. Fig. 1184, Fig. 1185. 








Fig. 1186. Fig. 1187. Fig. 1188. 
Figs. 1183-1188.—Fracture of the shaft of the femur. Types of fracture. 


fractures will be oblique, comminuted, or transverse. The transverse 
type is common in the middle of the shaft. There will be angulation, 
overriding, and lateral displacement (Figs. 1183-1188) . 

The tendency is for gravity to cause a slumping or bending of the frag- 
ments backward with the concavity forward. 

The maintenance of the normal anterior curve of the femur (Figs. 1077, 
1096) and the correction of the abnormal outward bowing at the seat of 
the fracture are to be especially regarded in the program of treatment of 
fractures at the middle of the shaft. 
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3. Fracture of the Lower Third (Supracondylar) —The line of the 
fracture may be transverse or oblique from behind downward and for- 
ward. The lower fragment is displaced backward by the gastrocnemil 
(Figs. 1222, 1247, 1248), at the same time rotated outward by the contrac- 
tion of the adductor magnus and the roll of the leg and foot to the outside 
caused by gravity. The lower end of the upper fragment may have been 
driven down toward the knee (Fig. 1183). One realizes in this type of 
fracture how heavy and powerful are the muscles and-bones of the thigh. 

The linea aspera serves as a thickened buttress (Fig. 1219) or rein- 
forcement at the middle of the posterior surface of the femoral shaft, giving 
strength to the long shaft of this large bone. 

The line of fracture influences the kind of displacement. The frag- 
ments may be driven into unusual positions by a severe force and by the 
shape of the ends of the fragments. 

It is often difficult to secure an effective traction hold on the skin where 
such power is required to counteract the great displacement. 








Fig. 1189.—Fracture of the thigh. Correct method of measurement from the anterior superior 
spinous process of the iltum. Position of thumb and finger holding tape. 


The knee joint may be involved in this fracture. 

The popliteal vessels and nerves may be damaged by the displaced 
upper end of the lower fragment. Gangrene of the leg may follow damage 
to these vessels. If this deformity is not completely corrected an undue 
strain may fall on the posterior ligament of the joint and a painful knee 
result (Pearson). 

Symptoms of Fracture of the Shaft—There is often great swelling at 
the seat of fracture. The limb lies helpless. Pain, abnormal mobility, 
deformity, marked rolling of the leg below the seat of the fracture, and 
crepitus, one or all, may be evident (Figs. 1181, 1182). The limb is 
shortened. 

Measurement (Figs. 1189, 1192, 1194) to determine the amount of 
shortening is to be made from the anterior superior spinous process of the 
ilium to the internal malleolus of the same side. Great care must be ex- 
ercised in taking this measurement to see that the patient lies flat upon the 
back upon a hard and even surface, with the arms at the sides of the body 
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and with no pillow under the head or shoulders. The long axis of the body 
should be in the same line with the long axis between the lower extremities 
as they le with the malleoli approximated, 7. e., the chin, episternal notch, 











Fig. 1190.—Measurement of lower extremity. Position of thumbs shown. Note position of 
limb. 


umbilicus, the symphysis pubis, the midpoint between the knees, and the 
midpoint between the internal malleoli should all be in one straight line. 
(Fig. 1194, A-B). The line joining the anterior superior spinous processes 











Fig. 1191.—Measurement of lower ex- Fig. 1192.—Note that normally a line 
tremity. Patient lying on the back looked at from the anterior superior spinous process of 
from above. Position of tape, hands, and the ilium through the center of the patella 
limb to be noted. touches the inner side of the inner malleolus. 


of the ilia (C—D) should be at right angles to the long axes of the body and 
thighs. Any variation from this normal position is attended by errors in 
measurement, which are important. If for any reason the injured thigh 
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cannot be brought easily alongside its fellow, the two limbs should be 
placed as nearly symmetrical with reference to the median line as possible. 

A method of measuring the lengths of the lower extremities differing 
from the above uses the malleolus as the fixed point, and measures to a 
line drawn at the anterior superior spinous processes of the ilia. The 





Fig. 1193.—Traction hitches for field transportation: A, Collins’ hitch; B, Pouliquen hitch; C, 
adjustable traction strap and saddle girth hitch. (Blake.) 


finger and tape are not allowed to touch the skin mark, and so do not dis- 
place it. 

The Emergency Treatment of Fracture of the Shaft of the Femur.— 
The war has emphasized the importance of adequate temporary splinting; 
little disturbance of the fracture at all stages of treatment; careful treat- 
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ment of shock, and if the fracture is compound, an immediate antiseptic 
occlusive dressing and early operation (Pearson). 

The ideal emergency transport splint is that of Thomas. 

The use of the Hodgen splint as an emergency splint is well illustrated 
in Figs. 1190, 1199. In the use of the Thomas splint or the Hodgen splint 
for transport and in emergencies it is important (1) to fasten securely the 
foot and the bottom of the splint; (2) to adjust snugly the ring or posterior 
Hodgen strap to the tuber ischu; (3) to support the limb comfortably by 
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Fig. 1194.—Measurement of the length of the lower extremity. Patient represented lying 
on back, looked at from above. The line joining the anterior spinous processes of ilia (C—D) 
should be at right angles to the long axis of the body (A-B). In this position only can com- 
parable measurements be made. (Drawn by C. Rimmer.) 


slings; (4) to support the foot from dropping forward in plantar flexion; 
(5) to elevate the lower end of the splint; (6) to hold the splint securely 
to the side of the stretcher to prevent lateral motion. 

The Transportation of a Patient —I retain the description of the emer- 
gency side splint dressing because the Thomas splint is not yet available 
to all doctors. The emergency method of putting up a fracture of the 
thigh or hip is of very great practical importance (Fig. 1195). Limbs are 
fractured frequently some distance from the upper place for the applica- 


56 
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tion of the permanent dressing. It is necessary to transport such cases 
with the greatest degree of safety and comfort. In order to accomplish 
this the knee and hip joints should be extended, the leg being held straight- 
ened in the long axis of the body. The limb should be placed upon a 
heavily padded board, the width of the thigh, extending from the middle 
of the calf to above the sacrum. The side splints of wood should be used— 
one on the outer side extending from the side of the foot to the axilla, the 
other upon the inner side extending from the side-of the foot to a few 
inches below the perineum. Upon the front of the thigh is placed a coap- 





Fig. 1195.—Fracture of hip or thigh. Emergency apparatus. 


tation splint extending from the groin to the patella. All of these splints 
are carefully padded, preferably with folded sheets or pillow-cases or 
towels; of course, in emergency work small pillows or coats or shawls may 
be utilized. It is important that the padding be evenly and intelligently 
arranged. It will be necessary to place a wide pad between the upper 
end of the long outside splint, to prevent it from pressing upon the ribs 
and side of the chest and causing great discomfort. These splints are held 
in position about the leg, while gentle traction is being made upon the 
limb, by straps or pieces of bandage placed above the ankle, below the 





Fig. 1196.—Fracture of the thigh. Method of holding leg in order to detect fracture of the thigh 
Pelvis is steadied by an assistant. 


knee, above the knee, at the middle of the thigh, and at the level of the 
perineum. The upper end of the long outside splint is held to the side by 
a swathe about the body and splint. The patient should then be carefully 
placed upon a stretcher (a Bradford frame is an ideal form of stretcher) 
improvised for the purpose. With this apparatus snugly applied the pa- 
tient may be securely and comfortably transported. 

Principles Underlying the Treatment of Fractures of the Shaft of the 
Femur.—The four chief principles underlying the treatment of fractures 
of the femoral shaft are the need for extension and counterextension upon 
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the bony fragments, the suspension of the fractured limb, and the early 
movement of the contiguous joints through active guarded motion. 

The hip joint is a ball-and-socket joint. The movements at the hip 
are very free in all directions, and therefore it is a fact that no force can be 
transmitted through the hip joint to the point of fracture until the hip- 





Fig. 1197—The Hodgen transport splint open ready for application. The free strap is to be 
applied to the posterior surface of the thigh to prevent splint from shifting. (Nifong.) 





Fig. 1199.—Hodgen splint applied in emergency. Note first aid dressing to outer side of 
thigh; foot slung to cross piece with temporary extension. The leg and thigh are suspended in 
the splint. (After Nifong.) 


joint motions reach their limit in any particular direction. These limits 
of movement are very wide, so wide, in fact, that practically the hip need 
not be immobilized when treating fracture of the femoral shaft. 

In the above anatomicophysiological fact rests the employment of sus- 
pension extension apparatus in the treatment of fracture of the shaft of the 


femur. 
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The great fascia of the thigh (the fascia lata and its iliotibial band [Fig. 
1097] and the broad sheets of the intermuscular septa, the attachment 
of these fasciae to the bone through the linea aspera): all these fascial 
planes of tissue (Fig. 1219) serve not only to contain the large and long 
muscles of the thigh, but—and this is important—they serve to direct the 
pull of the muscles and to determine somewhat the deformity following 
fracture of the femur. 

The fascia lata itself is attached above to the pelvis. It has attached 
to it the tensor fasciae femoris and a portion of the insertion of the gluteus 
maximus muscles. 

The fascia lata is attached below to the border of the patella and is 
continuous with the fascia of the leg. 

Following a fracture this great expanse of fascia is relaxed. When this 
fascial mass is stretched to its normal length again it tends to reduce the 
fragments and keep the bone in its natural position. I believe that the 
retraction of these fascial planes is responsible in large measure for the 
difficulty attending reduction of fractures of the femur. Moreover, it is 
a fact that delay in setting the fractured bone is attended by increasing 
difficulties of reduction largely because the fasciae become stiff, filled with 
round-cell infiltration. As time elapses these planes of fasciae can with 
greater and greater difficulty be stretched to their normal lengths. 

The proximal fragment, if uninfluenced by exterior forces, always occu- 
pies a position in which the muscles attached to it are at rest. 

If the distal fragment is brought into line with the proximal when it 
occupies the position of physiological rest and sufficient traction is made in 
the same line to overcome shortening, the restraining effect of the stretched 
soft tissues is sufficient to provide the slight extrinsic force necessary to 
preserve the relative position of the fragments, even if considerable motion 
takes place at the adjacent joints (Blake). 

There are two connective-tissue septa or broad bands lying between 
muscle bundles connecting the femoral shaft with the superficial envelop- 
ing fascia lata. The first septum extends from one lip of the linea aspera 
to between the adductor magnus and the vastus internus. The second, 
the lateral intermuscular septum extending from the linea aspera between 
the short head of the biceps and vastus externus. The extensor group of 
muscles is thus separated from the flexor and adductor groups. 

In the fact of the necessity for stretching both muscle and fascia lies 
the reason for the use of extension and counterextension in the treatment 
of fractures of the shaft of the femur. 

The Suspension of the Fractured Limb.—The suspending of a fractured 
limb, whether it is the upper or lower extremity, is comfortable for the 
patient, nursing the patient is easier, there is less pain and discomfort in 
dressing compound fractures, there is less swelling of the limb, the primary 
swelling disappears rapidly, there is less stiffness of joints after fracture, 
the repair of the fracture seems to be rapid, excessive callus is less fre- 
quently seen, nonunion is thought to occur less frequently, there is a better 
circulation in the whole limb, there is greater immobilization of the frac- 
ture along with an increased mobilization of joints. 

Consequently, when it is possible, a fractured limb should be suspended. 
The use of the Thomas splint and the Hodgen splint (Figs. 1179, 1180) 
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and splints of their type allows readily of suspension. See various illus- 
trations of suspended fractures. 

The suspension of fractures combined with efficient bony traction will, 
if carefully supervised and completely carried out, reduce very materially 
the number of primary operations upon simple fractures. 

With the suspension of a fracture function never ceases, therefore it is 
estimated that a saving of nearly 50 per cent may be made in the period 
of incapacity. 

The relaxation secured by posture in flexion is remarkable. The mov- 
ing of joints actively contiguous to the fracture prevents muscle atrophy 
and painful and disabling adhesions in the various fascial planes and in the 
neighboring joints. Pain is greatly diminished by active movements. 





Fig. 1200.—Fracture of the shaft of the femur. The fragments cannot be brought into exact 
apposition by simple longitudinal traction, consequently note lateral traction being made both 
externally and internally by broad straps and weight and pulley. The two side splints, coapta- 
tion splints, traction being made in long axis of limb, swathe about long outside splint and body, 
are all seen in the figure. 


Buck’s Extension, Materials for, and Application of.—Adhesive plaster 
may be used in applying traction. It is convenient of application and 
sometimes serviceable, especially in children. In adults it is apt to slip 
and excoriate the skin. Such excoriation might delay a necessary oper- 
ative procedure. Consequently, if there is any likelihood of being obliged 
to operate in a given fracture of the femur and heavy traction is required, 
Sinclair glue or skeletal traction had better be used, and thus not only 
will the surgeon be enabled to secure primarily a more effective trial trac- 
tion, but he will avoid the disheartening delay caused by an inefficient 
adhesive plaster skin traction. 

Buck’s extension is an effective retentive apparatus in a few simple not 
greatly displaced fractures. 
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Traction in the long axis of the leg may not correct all lateral displace- 
ment. Traction applied at right angles to the long axis of the leg over the 








Fig. 1201.—Pulley arranged on broom Fig. 1202.—Pulley arranged for bed. 
handle to be fastened at foot of bed for carrying 
extension cord. 


side of the bed will assist materially in reducing certain lateral displace- 
ments (Fig. 1200). 

The method described for the applica- 
tion of plaster skin traction is universally 
applicable in principle to any plaster skin 
traction, whether for the upper or lower 
extremity. 

Traction and immobilization may be 
maintained by a modified Buck’s extension 
apparatus. Materials needed for a modified 
Buck’s extension for the lower extremity: 
Two strips of adhesive plaster, each 2 








Fig. 1203.—Spreader of wood for Fig. 1204.—Bed cradle. Can be made of barrel hoops 
preventing extension straps from 
chafing ankle and foot. Cord for at- 
taching weight. 


inches wide and long enough to extend from the seat of fracture to the in- 
ternal malleolus. Surgeon’s adhesive plaster is nonirritating to the skin, 
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and is prepared in rolls of convenient width. To each strip of plaster at the 
ankle end should be stitched a piece of webbing the width of the plaster and 
about 6 inches long. Prepare 5 other strips of adhesive plaster, all of which 
should be 1% inches wide. Three of these strips should be long enough 
to encircle respectively the leg above the malleoli, the knee above the 
condyles, and the thigh 1 inch below the seat of the fracture. The re- 
maming 2 strips of plaster should be long enough to extend spirally 
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from the malleoli around the leg and thigh to the seat of fracture. Prepare 
also a roller bandage of gauze or cotton cloth, a curved or straight ham 
splint properly padded, and 3 adhesive straps for holding the ham splint. 

In addition, 3 coaptation splints for surrounding the thigh are re- 
quired, also 6 webbing straps with buckles or strips of bandage to be used 
as straps; fresh sheets or pillow-cases or towels for padding; a swathe, to 
encircle the pelvis, made of unbleached cotton cloth or medium weight 
Shaker flannel; and a long outside splint of wood, 4 inches wide, to extend 
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from the axilla to 6 inches below the sole of the foot. To this last a 
cross piece, 18 inches long, should be fastened, making thus a long T 





Fig. 1206.—Fracture of the thigh. Adhesive plaster extension strips; long, upright, circular, and 


obliquely applied strips. 





Fig. 1207.—Fracture of the thigh. Extension strips applied, covered by bandage. Ham splint 
applied; two straps and pad in ham. 





Fig. 1208.—Fracture of the thigh. Extension strips applied. Cotton bandage. Ham splint; 
straps, pad, and coaptation splints about the seat of fracture. Straps and buckles. 


splint. The list is completed by 2 towels for perineal straps, safety-pins, 
a pulley, which can be bought at little cost at any hardware store (Fig. 
1201). This pulley should be screwed into a broom handle cut to the 
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‘right height. A block with hooks above and a pulley below will some- 
times be found to be more convenient than the broom handle arrangement 
(Fig. 1202). A spreader (Fig. 1203), which is a piece of wood 2 inches 
wide and a little longer than the width of the foot, perforated at its center 
for the extension weight cord. There should be provided a cord, 3 feet 
long, size of a clothesline; 2 bricks or wooden blocks for elevating the 
foot of the bed; 4 sand-bags, 20 inches long and 6 inches wide; a cradle 
(Fig. 1204) to keep the weight of the clothes from the thigh—the cradle 
may be a chair tipped up, or barrel hoops nailed together. 

Application of the Modified Buck’s Extension—All the materials being 
"In readiness and at hand, the patient having been etherized and the frac- 
ture examined, the thigh and leg and foot are first washed with warm water 
and Castile soap and thoroughly dried. 

Then the padded posterior coaptation or ham splint is applied and held 
by 3 straps of adhesive plaster, 1 at each end of the splint and 1 below 
the knee (Fig. 1207). If the curved ham splint is used, the padding (1 
sheet of sheet wadding) should be laid upon the splint evenly throughout. 
If a straight ham splint is used, the padding should be applied evenly, and 








Fig. 1209.—Fracture of the thigh. Completed apparatus as in Fig. 1208, and, in addition, a long 
outside T splint, straps, and swathe. Weights applied. 


at the middle of the ham, behind the knee, should be placed an additional 
pad (Fig. 1208) in order to support the knee in its natural position. This 
additional pad should be placed between the splint and the layer of sheet 
wadding. The tendency of the padding of the ham splint is to slip away 
from each end of the splint and thus leave it unduly pressing into the 
thigh and calf. It is wise to hold this padding in place by strips of adhesive 
plaster at each end of the splint. The 3 thigh coaptation splints should 
next be put in position—1 anteriorly, extending the whole length of the 
thigh from groin to patella; 1 externally, extending from trochanter to 
external condyle; and 1 internally, extending from just below the peri- 
neum to just above the adductor tubercle (Fig. 1208). The best padding 
for these splints is a soft dressing towel folded the length of the splints 
and placed evenly about the thigh. These splints are held by an assistant 
while 3 or 4 straps are tightened sufficiently to hold them firmly in place. 
While these coaptation splints are being applied it is very important that 
steady traction be made upon the lower fragment in order to maintain its 
position. The straps of the coaptation splints are then finally tightened. 
The long outside splint with the T cross piece is then padded with sheets 
and applied to the side of the limb and the body (Fig. 1209). The upper 
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end of the splint is inclosed in a swathe, which passes around the body and 
is fastened with safety-pins. The thigh and leg are held steadily to the 
outside splint by 2 or 3 straps (Fig. 1210). The assistant, making exten- 
sion, exchanges his traction for that of the weight and pulley. The foot 
of the bed is raised upon blocks or bricks, in order to provide the counter- 
extension by means of the weight of the body. The heel is protected from 
undue pressure by a ring. The foot is kept at a right angle with the leg 
(Fig. 1212). The sand-bags are laid along the inner and the outer sides of 
the limb to add greater steadiness to the apparatus. The cradle is placed 
over the foot and the leg (Fig. 1204). 





Fig. 1210.—Fracture of the thigh. Completed apparatus with bed elevated. The outside splint 
is broad and without the T foot piece. The swathe is very snugly applied. 


Balanced Traction.—The use of a straight bed-resting traction has very 
largely been replaced by the more effective balanced traction. The limb 
is put in a position of physiological rest, 2. e., for the lower extremity semi- 
flexion of the hip and knee. This method is the underlying one in all 
forms of traction and is mentioned again under the Thomas splint with 
the Pearson knee attachment. It is mentioned, too, under the method of 
treating femoral shaft fractures by immediate reduction and plaster of 
Paris splint fixation. 





Fig. 1211.—A fracture of the femoral shaft, so placed between two long side splints and an- 
terior and posterior coaptation splints with a swathe about the body that transportation is 
possible with a minimum of discomfort and danger of damage. 


The Use of Sinclair’s Glue Extension.—This extension is less irritating 
to the skin than ordinary adhesive plaster, secures a firmer hold, and thus 
enables the surgeon to apply a more effective traction force than by the 
old adhesive plaster method. 

The formala for Sinclair’s glue, to be used in applying traction straps 
for extension in cases of fracture of the long bones: This description is 
taken from Major Sinclair’s own paper.t The glue used must be of the 


1 Transactions of the International Society of Surgery, Paris, July, 1920. 
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best quality, and a simple test for this is as follows: Place 4 ounces of 
glue in a basin of 4 pounds of cold water and leave in a cool place for 
twelve hours. If the glue is dissolved, it is bad; if coherent, gelatinous and 
weighing 8 ounces, it is good; if it weighs 16 ounces, it is very good; and if 
20 ounces, it is the best which can be obtained. The formula is: 


WMeryicood is lican mane rt iets ey Re ces eee 50 parts 

Walch acne ne car re reer ene meee ee er eat 50 parts 

Thymol Pn Coe Ae MOM ene ee ches aes 1 part 

GV CELT tate Ryo REAR me Nae cers OSTA ie Soo oe 4 parts in summer and 


6 parts in winter 


Soak for twelve hours, then melt in a water bath. 

Neutralize to litmus with sodium hydrate, as commercial glue at times 
contains free hydrochloric acid. 

The glycerm prevents the glue from drying, becoming brittle, and 
cracking, while at the same time its deliquescent properties enable sweat 
to be absorbed and evaporated from the surface. The thymol acts as an 





Fig. 1212.—Form of stirrup to prevent the foot assuming an equinus position. 


antiseptic, and glue prepared in this manner is sterile and should be kept 
in air-tight 1-pound tins. 

Failure in using glue may be due to an inferior type of glue, paying 
insufficient attention to its preparation, or to allowing it to remain on the 
limb too long. 

In applying the extension the following points should be noted: 

1. The skin should not be shaved. 

2. In order to remove all grease the skin is washed with soap and hot 
water containing 4 drachms of sodium carbonate to the pint. Glue will 
not adhere to a greasy surface. 

3. The skin is dried and glue applied evenly and thinly, all hair of the 
limb being brushed in an upward direction. The skin should be warm 
when the glue is applied, otherwise slipping is liable to occur. 

4. Two strands of gauze, eight layers thick, are now laid on the limb. 
Tension is kept on the gauze all the time; it is brought quickly but care- 
fully into contact with the leg on the medial and lateral aspects. The skin 
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overlying the subcutaneous surface of the tibia is avoided both with glue 
and gauze, for if extension be exerted on it blistering will frequently occur. 
Finally, a loosely woven roller bandage is applied commencing a hand- 
breadth above the malleoli and ending just below the knee joint. 

The glue extension once in position is not by any means completed. 
After about ten days the muscles of the leg will be found to have atrophied, 
and as an extension cannot shrink, it must wrinkle. The pull will then be 
exerted along lines instead of from the whole surface of the skin, and if 
continued will cause blistering. The extension should, therefore, be pal- 
pated daily, and if any wrinkling is felt or the patient complains of a burn- 
ing sensation under the extension, it should be changed immediately, the 
traction in the meantime being maintained by the foot-piece. With glue 
extension it is usually safe to raise the foot of the bed 8 to 10 inches; 
should this prove insufficient to bring the limb to its full length in forty- 
eight hours, mechanical extension should then be employed. 

If extension by glue from the skin is not possible because of the pres- 
ence of wounds or because the patient’s skin is hypersensitive and blisters 
occur from the trauma exerted (this happens in about 15 per cent of cases 
of fracture of the femur and very rarely occurs in fractures of other long 
bones), or because the reduction of the deformity requires an excessive 
pull, resort must be made to some more direct form of extension. 


To be used if Sinclair’s glue is unobtainable: The adhesive-plaster Buck extension. The 
long straight strips of adhesive plaster with the webbing attached or applied to the middle 
of the two sides of the leg and thigh up to the seat of fracture. The junction of the adhesive 
plaster and webbing should be brought to just above the malleoli. The two spiral and then 
the three circular strips should next be applied as indicated (Fig. 1206). Over the extension 
is placed a roller bandage, snugly and evenly inclosing the foot (Fig. 1207). The bandage 
steadies the adhesive plaster, prevents swelling of the foot, and affords comfort. 


Method of Immediate Reduction According to Campbell’s Technic.— 
A fracture table (Hawley) is absolutely essential, with attachments for 
countertraction and direct traction. 

A fluoroscopic equipment is also an essential unless a plate control is 
available. Frequent x-ray controls of the exact position of the fragments 
is thus assured, thus intelligently guiding reduction and recording position 
when finally immobilized. 

1. The patient is given a general anesthetic to complete muscular re- 
laxation. 

2. The uninjured limb is fixed to its foot-piece with slight traction to 
help steady the pelvis and body. 

3. Forced traction in a perfectly straight line is made in order to 
secure as nearly as possible complete muscle relaxation. 

4. The injured thigh is flexed to about 45 degrees and slightly ab- 
ducted, or such position is assumed as will be most likely to maneuver the 
lower fragment to meet the upper fragment. The knee is held at an angle 
of about 45 degrees. Any fracture of a long bone is most easily reduced 
if the muscles are relaxed by flexing the joints on either side of the fracture. 

5. The fragments are angulated until by traction and position the ends 
of the bones are made to impinge and can be locked. 

6. The thigh is then gradually straightened until the normal antero- 
posterior and lateral alignment is secured. 
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7. If the fragments slip by each other, the maneuver is repeated. The 
position is checked by the a-ray. 

8. The position is maintained by such pressure and traction as is 
necessary. 

9. Traction is made on the foot, under the knee, and wherever helpful. 

10. A plaster of Paris splint is put on, extending from the upper chest, 
nipple line, to the toes on the affected side and to the knee on the uninjured 
side. The hip lies flexed to about 40 degrees or more. Thus fixation is 
assisted through pressure at the buttock and the calf of the leg, an effective 
double inclined plane. 

Orr's Method.—After reduction of the fracture essentially as by the 
Campbell method while traction is being maintained, there is applied a 
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Figs. 1213-1215.—Fracture of the shaft of the femur at its middle: A, End-to-end appo- 
sition of fracture; perfect alignment. B, Imperfect apposition; good alignment. C, End-to-end 
apposition; faulty alignment. 


double spica to the ankle on the injured side, and to below the knee on the 
well side; a cross-bar is formed below the knees between the two legs of 
the spica. 

When the plaster has set, the traction straps are turned back over the 
plaster splint at the ankle. An additional plaster is applied so as to anchor 
the traction straps, thus helping to maintain moderate traction. The 
plaster of Paris splint includes the foot, a guide as to rotation of the limb, 
and keeps the foot at a right angle with the leg. The w-ray helps to record 
the position. The patient is placed on a bed with its foot elevated. 
Twenty or 30 pounds’ traction should be fastened to the cross bar between 
the legs of the double spica. This traction seems to prevent muscle spasm 
and helps in immobilization. 
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Figs. 1216, 1217.—Anteroposterior and lateral views showing a fracture of the lower third of the 
femur in an adult. (Campbell, Surg., Gyn., and Obst., November, 1924.) 


Figs. 1218, 1219.—Anteroposterior and lateral views of the same patient as in Fig. 1216, 


four weeks later, showing good reduction and early callus formation. (Campbell, Surg., Gyn., 
and Obst., November, 1924.) 


Remarks on the Immediate Reduction and Fixation in a Plaster of Paris 


Splint—Repair begins immediately after fracture, consequently the early 
reduction diminishes the later postfracture swelling. 
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A plaster of Paris splint may be safely put on in most early fractures. 
The surgeon must be on the alert for early danger signs of too great 
pressure. 

Adhesive plaster, or better, Sinclair glue traction strips may be applied 
before or after reduction and permanent traction be maintained while the 
plaster of Paris splint is on, to prevent slumping of the bones which almost 
invariably happens. 

By this method the knee joint and ankle joint are immobilized so long 
that some stiffness will exist and persist a varying time after the removal 
of the splint. About 5 per cent of Campbell’s cases had disabling stiffness 
of the knee. The stiffness following immobilization of the knee will be less 
persistent in childhood than in adult life. 

The plaster splint is always to be removed at the end of two (child- 
hood) or three (adult) weeks, the alignment of the limbs checked up by 
v-ray, and the joints gently moved. Any slight change can be easily made 





Fig. 1220. Fig. 1221. 

Figs. 1220, 1221.—Diagram of section of leg and splint to show how a strap carried from 
the back of the leg over the long side splint can prevent eversion of the foot and leg. (Compare 
with Fig. 1209.) 


at this time while the callus is soft. A second plaster of Paris spica splint 
is applied not including the other hip if there is beginning union and a 
satisfactory position. 

Many oblique and transverse fractures can be held by this method. 

The most difficult fracture to hold by this method is the short, smooth, 
slanting break, hard to lock and liable to slip during the first week. In 
such cases general alignment can be maintained without anatomical reposi- 
tion or direct fixation by operation may be applied. 

It is possible to secure reposition of fragments as long as three weeks 
after the accident. Much depends on the callous output and its rapidity 
of calcification. 

The muscular development of the individual and the degree of the re- 
traction of the fascia are to be considered in every case. 

Results following this method have been most satisfactory in Camp- 
bell’s hands. Full motion of the knee has been obtained in adults in about 


six months. 
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Fig. 1222.—The more usual deformities in fracture of the shaft of the femur. Outward and pos- 
terior bowing. 
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Fig. 1223.—Section across right thigh through Hunter’s canal, seen from below. Note 
intermuscular septa and attachment to linea aspera. This section helps to visualize the great 
expanse of fascia in the whole thigh. (Piersol, Human Anatomy, after Nifong.) 


Sixty per cent perfect legs and 35 good results or 95 per cent function- 
ally satisfactory results from this method are recorded at present by Camp- 


bell. 
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Conwell’s results by skeletal traction and the Pearson knee attachment 
to the Thomas splint have been satisfactory; 67 per cent of his patients 
did the heaviest kind of work and 90 per cent of these returned to the 
same work as before the injury. 

Conwell avoids open reduction until a fair trial with skeletal traction 
and suspension has been carried out. 





Oar cep arse 





Fig. 1224.—Showing the necessity of abducting 
the injured leg in thigh fracture. In dotted line is pull of the iliopsoas and of the external 
shown the position likely to result from neglect of | rotators in producing deformity in frac- 


this abduction, ture of the femur high up. Upper frag- 
ment is flexed and abducted upon the 
trunk. 


These cases of Campbell and Conwell may well represent the best to 
be obtained by nonoperative expectant methods. They come near being 
ideal results. They form a standard to be emulated in nonoperative work. 

When the overlapping of over 1 inch cannot be held, when the fracture, 
therefore, cannot be approximated pretty accurately, when the end-to-end 
union is not readily obtained, when there is reason to suppose that there 
is an interposition of muscle or soft parts, I believe an open reduction is 
indicated. 

See figures illustrating results of this method of immediate reduction 
and plaster of Paris splint immobilization. 

57 


898 FRACTURES OF THE FEMUR 


Following such fracture table reduction by traction and manipulation 
the heavy thigh muscles tend to cause within the plaster of Paris splint a 
renewal of the displacement, no matter how perfect the reduction may 
have been, as shown by roentgenogram at the time of reduction (Eliason) . 

Even when the fragments of a transverse fracture of the femoral shaft 
have been interlocked, a bowing is extremely liable to develop from muscle 
action within the plaster of Paris splint. 
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Figs. 1226, 1227.—Fractures of the shaft of the femur. Note the muscles active in the produc- 
tion of certain displacements. (Deaver, Surgical Anatomy, after N ifong.) 


Skeletal Traction.—By skeletal or direct bony traction is meant the 
application of the traction force to the bone. 

This pulling upon the bone direct is far more efficient than is the old- 
time skin traction—30 to 50 pounds’ pull possible with skin traction. 

The traction is applied either through a pin penetrating the whole 
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thickness of the bone or through calipers or ice tongs penetrating the 
cortex of the bone on two sides. 

The advantages of bony traction are, briefly: the better control of the 
bony fragments; a less force necessary to effect reduction; it may be ap- 
plicable immediately following the fracture, whereas open operation, if 
necessary, might require considerable delay if blebs and abrasions are 
allowed to heal; it allows of active joint motion; it is easily applied with 
the Thomas splint; sepsis is very unusual. 

Bony traction is to be employed only until the fragments are firmly 
held by callus. It is not to be maintained until union is secure. 

It is important in the use of skeletal traction to apply at the outset the 
maximum traction force in order to secure at this most opportune time 
(immediately after the fracture) ready reduction of the fragments. When 
skin adhesive-plaster traction is used immediate early effective forcible 
traction is impossible except for a short time because of the slipping of the 
plaster. 

The Thomas Splint, etc. (See Thomas Splint section for all details 
of selection, application, and uses of.)—A long splint extending well be- 
low the foot should be used. The ring should be well fitting. To 
estimate the size (the Thomas splint is supplied by instrument makers in 
regular sizes complete) required the transverse circumference of the thigh 
is taken in the upper third, and 2 inches is added to allow for the obliquity 
and the padding of the ring. The upright at an inch above the knee 
joint should be bent to an angle of about 20 degrees unless the Pearson leg 
splint is used. Sinclair glue adhesive bands, as traction ropes, should be 
applied as high as possible. Double bands of flannel hammocks 4 inches 
wide for suspending the thigh and leg are provided. 

In fracture of the thigh the flannel suspending band commences on 
the outer bar of the splint, is passed behind the limb, across the inner 
bar, and back again, and is fastened with a clip to the outer bar, where it 
started. 

The leg should be supported well above the splint, 7. e., the upright of 
the splint should be a little behind the middle of the leg and thigh. 

A right-angled foot piece may be adjusted or the foot suspended by 
weight attached to strips of flannel glued to the sole of the foot. 

The adjustment of the fractured bones may be made by attention to 
the slings in which the limb rests, and by the placing of lateral pads. 
The lower end of the splint should be fastened and supported to the foot 
of the bed. 

The foot of the bed should be raised a foot or more if countertraction is 
to be secured by body weight (Fig. 1175). 

The ring of the Thomas splint should be suspended by light weight so 
as to bring the ring into close contact posteriorly with the ischium. In- 
spection of the apparatus must be made daily with considerable care. 

Provision should be made for the mobility of the joints adjoining the 
fractured bone; especially is this true of the hip, knee, and ankle joints. 
The stiffness of the knee following fracture of the femur treated by older 
methods is often more disabling than the fracture itself. 

Any appliance used in treating fracture of the femur should allow of 
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massage and movement of the knee and ankle joints. This requisite is 
met in the use of the Thomas, Blake, Hodgen, and Hawley splints when 
combined with the Pearson hinged knee flexion appliance. (See details of 
Thomas splint, etc.) 

Special Conditions to Be Considered in the Treatment of Fracture of 
the Femur.—Treatment in general of the fractured femur will be directed 
to the prevention of: 

1. Shortening of the injured limb. The muscle contraction and espe- 
cially the retraction of the great planes of fascia prevent reduction. A 
sufficiently heavy weight applied early to the distal fragment will overcome 
shortening. Ordinarily 15 to 20 pounds will be needed in the adult. Com- 
parative daily measurements of the extremity and «x-ray plates will deter- 
mine the efficacy of the weight used. 








Fig. 1228.—Compound fracture of both bones of the leg, late stage. Simple retentive splint. 
Note arrangement of suspension on Scudder suspending bar. Hand grip for assisting in flexion 
at knee and moving body. (Leland.) 


2. Outward bowing at the fracture site. Abduction of the extremity 
carrying the distal fragment outward will correct outward bowing (Figs. 
1222, 1224). 

If the abduction and flexion of the upper fragment is extreme, it may 
be found wise to use two Thomas splints abducting the well extremity to 
immobilize the pelvis. Greater efficiency will thus be secured in the 
abduction of the injured side. 

3. Permanent rotation of the leg and thigh below the fracture. This 
rotation is usually outward and is shown by eversion of the foot. When 
the ordinary Buck’s extension is used, a bandage fastened below the calf 
of the leg to the posterior bandage or ham splint, brought up on the outer 
side of the leg and fastened to the long outside upright or to the cradle, 
will keep the whole limb from rollmg outward (Figs. 1220, 1221). 
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hock Sagging backward of the thigh (Fig. 1222) or slumping of the thigh 
is prevented by lifting the middle of the thigh forward by proper support 
through padding on the ham splint, and by the sling of a Thomas splint. 

The mobilization of the knee and ankle must be carefully provided for. 

The treatment of the fracture of the femur, whether of the upper third, 
with its characteristically abducted and flexed short upper fragment, or 
of the meddle of the shaft, with the special difficulty of great shortening 











Fig. 1229.—Nonpenetrating calipers applied. Fig. 1230.—Lateral view of Fig. 1229 
(Pearson’s modification of Besley’s.) Note attachment (Pearson and Drummond.) 
of cord. The white area on the bone is covered by 
synovial membrane of the knee joint. (Pearson and 
Drummond.) 


and possible nonunion, or of the lower third of the shaft, with the always 
troublesome posterior displacement of the distal fragment, the treatment 
will be decided according to the method best adapted to the situation in 
the fracture under consideration. 

There are available the following methods of treatment: 

1. Immediate reduction with plaster of Paris fixation, with or without 
permanent traction, and suspension of the plaster splint. 
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Fig. 1231.—Nonpenetrating calipers after Fig. 1232—Unnecessary penetration of 
sixteen weeks in situ, close to a large and very __ the points of the calipers before modification of 
septic fracture. No pains or sepsis at caliper the instrument. (Pearson and Drummond.) 


points throughout the treatment. (Pearson Too low application. 
and Drummond.) 


Fig. 1233.—Filling in of partial gap. Recovery with good union, no shortening. Note great 
comminution of fragments. (Pearson and Drummond.) 
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2. Adhesive plaster or glue traction through the skin with the Thomas 
suspension splint (or an equivalent splint). 

3. Skeletal traction with Thomas suspension splint (or an equivalent 
splint). Using in both (2) or (3) appropriate positions of the distal 
fragment. 

4. Operation: Direct replacement and fixation. 

Discussion of the Choice of Treatment in a Fracture of the Shaft off 
the Femur in the Adult.—The important determining factors in the final 
selection of the treatment of a closed fracture of the femoral shaft in an 











Fig. 1234.—Four-inch gap occupied, after sequestrectomy, by fine débris only. Recovery with 
0.5 cm. shortening. (Pearson and Drummond.) 


adult will be: (1) the elapsed time since the accident; (2) the character 
and location of the fracture; (3) the understanding by the surgeon in 
charge of available methods. 

When seen immediately after the accident reduction of the fracture is 
to be tried by means of a general anesthetic, traction, manipulation, and 
immobilization. Immobilization may be secured by using traction and 
suspension in a Thomas splint or by plaster of Paris spica. 
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The Hoke Plaster Traction Apparatus as Applied to the Lower Ex- 
tremity—The principle of this apparatus is that while traction is applied 
to the fractured extremity, countertraction is being applied to the sole of 
the opposite foot. 

Refer to Fig. 1235. A suit of stockinet is put on. Felt padding should 
line the back and sides of the body and pelvic portion of the cast. Adhe- 
sive traction strips are held in place by circular cotton bandages. A double 











Fig. 1235.—The Hoke plaster traction apparatus with adhesive tape skin traction as applied in 
the treatment of comminuted or diagonal fractures of the shaft of the femur. 


spica cast is applied, extending from midabdomen to the toes of the un- 
affected leg and down the injured leg to a point above the fracture. The 
unaffected leg is held in a position parallel with the midline of the body 
to facilitate turning the patient from back to side and abdomen. The foot 
of the unaffected side is held in a normal weight-bearing position, 7. e., 
with the sole of the foot at right angle to the leg. This foot should be well 
padded with sheet wadding. Felt has been found unsatisfactory for this 
purpose. 
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Skeletal traction may be preferred for adults (Fig. 1236). Adhesive 
strips applied to the skin usually give adequate traction for reducing frac- 
tured femurs of children. 





Fig. 1236.—Hoke plaster traction apparatus plus skeletal traction as employed in a case of 
fracture of the shaft of the femur. 


Precautions: The cast should be well padded, especially over the lateral. 
surface of the hip and pelvis of the injured side, as considerable pressure is 
exerted on this surface when traction is applied. The upper end of the 


p= 





Fig. 1237.—Oblique subtrochanteric fracture of shaft of Fig. 1238.—Spiral fracture of 
femur. (x-Ray.) the shaft of the femur high up. 
(x-Ray tracing.) 


inner bar of the traction splint should not be closer than a handbreadth 
to the perineum. The reason for this precaution is that as the injured 
extremity is pulled downward by the traction, the perineum might come 
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in contact with the upper end of the bar and cause serious pressure. For 
the same reason, the cast should be trimmed at least a handbreadth below 
the perineum. 

The lateral bars of the traction splint are firmly attached to the plaster 
cast on the fractured leg by means of plaster bandages. A wooden cross 
brace extends from the lower end of the splint to the cast on the opposite 
foot. 

Traction is exerted on the injured leg by winding the adhesive tape on 
the windlass while countertraction is exerted by the plaster cast on the 
sole of the foot of the unaffected extremity. 





Fig. 1239.—Patient fifty-five years old. Fig. 1240.—Patient fifty-five years old. 
Intertrochanteric fracture of the femur before Same case as Fig. 1239. Intertrochanteric 
traction was used (Fig. 1240). Note levels of | fracture of the femur. After initial traction 28 
the obturator foramen and the lesser tro- pounds has been used in a Thomas splint. 
chanter. (Harmer.) Result four years after treatment. No limp, 
no pain, no stiffness of knee or hip, uses no 
cane, has resumed all activities as before acci- 
dent. Note the levels of the obturator foramen 
and lesser trochanter. Compare levels before 
traction and after traction. The result indi- 
cates the efficiency in this type of fracture of 
traction and countertraction. (Harmer.) 


Intertrochanteric fractures, occurring most often in active adults, pre- 
sent marked shortening and the angle of the neck with the shaft definitely 
diminished, sometimes to a right angle. Strong traction and abduction, 
associated at times with external rotation, will restore the length of the 
bone and the angle of the neck. This position may be held by skin or 
skeletal traction and the Thomas splint. Convalescence for several (six) 
months on a walking caliper will preclude a coxa vara. 

Fracture of the Lesser Trochanter of the Femur.A—The largest number 


1 Brit. Jour. Surgery, vol. ix, p. 256, 1921, 1922, Langdon. 
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of these fractures occur between about ten and twenty years of age. It 
is unusual. 

There are but about 25 cases recorded in medical literature. A diag- 
nosis of fracture of the neck of the femur was made in 3 of these cases, so 
much did the symptoms and signs resemble this fracture. 

It is ordinarily due to muscular avulsion, in an effort of the iliopsoas to 
restore body equilibrium when being suddenly thrown forward or back- 
ward. ‘There is tenderness in Scarpa’s triangle. There is inability to flex 
the thigh while in the sitting position (Ludloff). There is acute pain in 
Scarpa’s triangle and at the inner third of the gluteofemoral fold. Treat- 
ment will be fixation of the thigh in a flexed position, outward rotation 
and abduction for at least two weeks, and gradual moving about at first 
with the aid of crutches. An z-ray will disclose the exact lesion. Good 
functional results follow in both old and young. 

Fractures of the wpper end of the femoral shaft: Treatment by con- 
tinuous traction and suspension with a Thomas or Hodgen splint, so 
placing the distal fragment as to best meet the proximal fragment and 
using sufficient continuous traction to correct the shortening. If reposition 
is impossible after seven to ten days’ trial, operation should be done. 

Certain fractures of the shaft of the femur may be aligned and held 
approximated with insignificant shortening by continuous suspended skin 
or skeletal traction, with flexion of hip and knee. 

The Russell Extension Method.—R. H. Russell, of Melbourne, Aus- 
tralia, in 1923, introduced a method of reduction of the fragments of a 
fracture of the shaft of the femur. “This employs a natural and com- 
fortable position of the extremity, in which but a relatively small amount 
of traction is required to restore the balance or equilibrium of the muscles 
of the thigh when it is applied distally to the knee.” ! 

The Russell method should be applied at the earliest possible moment 
after the injury. Russell’s method must be applied exactly as Russell 
described it. Very great watchfulness is requisite so that no detail will be 
disarranged. The extension must not be removed too early. 

The Russell method is applicable to spiral, comminuted and oblique 
fractures in the middle of the shaft and near the trochanter. It is a 
method inapplicable to those fractures in the upper third and in the 
lower third of the femur. The foot must just clear the bed. The angle of 
the pull behind the knee must be maintained. The method cannot and 
will not look after itself. It requires constant supervision. This latter 
requirement makes the employment of Russell’s method of extension out 
of the question unless the surgeon is particularly interested and competent 
in its application and upkeep. Skeletal traction will be simpler in many 
cases. 

The supracondylar fracture may require right-angle flexion of hip and 
knee with skeletal traction to overcome displacement of the fragments, 
using the Thomas splint and Pearson knee attachment. 

If caliper or wire traction is used, the caliper or wire is applied a little 
above the frontal plane of the femoral shaft, so as to tend to lift the 
upper end of the short distal fragment dorsally into place. Pressure up- 


1See article by R. H. Russell, Brit. Jour. Surgery, 11: 49-502, 1924. 
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Fig. 1241—Thomas splint and knee flexion piece suspended to the Morrison overhead 


frame, with caliper traction. The method of suspension of the leather ring to secure fixed counter- 
traction is shown. (L. C. Abbott.) 








Fig. 1242.—Thomas splint, knee flexion piece, suspended to overhead caliper traction, screw 


pressure pad attached to a half ring in order to correct anterior lateral displacement of the frag- 
ments. (L. C. Abbott.) 


ward may be made by the lowest sling. The knee slightly flexed so as to 
relax the gastrocnemius insertions. 


The use of Hoglund’s caliper will likewise tend to lift the distal frag- 
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ment forward. The pull of the caliper in the straight line of the femur 
draws the lower fragment down into position, and the caliper points be- 
ing on diametrically opposite sides of the bone, this straight pull usually 
corrects lateral tilting. Should lateral tilting prove obdurate, there are 
two devices for dealing with it. Either (1) take the cord from the caliper 
round a lateral pivot on the splint and thus produce leverage of the lower 
fragment; or (2) attach the knee-flexion splint obliquely, higher on one 
side than on the other, and direct the pull on the calipers in the line of the 
flexion piece. 

The quadriceps tendon, made taut by flexion of the knee and the pull 
of the weight, acts as a splint on the front of the fracture. Tilting forward 
of the lower fragment does not occur unless the calipers are applied far 
forward. 

Fractures Into the Knee Joint—Fractures entering the knee joint in 
the adult, T and Y, fractures separating a condyle of the femur are best 
treated ordinarily by direct reposition by operation. Obviously, imme- 
diately followmg the injury attempts may be made of manual reposition 
of fragments by placing the extremity in the position of relaxation and 
physiologic rest (flexion of hip and knee) and suspending the leg in a 
Thomas splint, with a Pearson adjustable leg addition, with or without 
traction, as may seem wise. The above treatment for six or seven days 
will help to determine whether something may be accomplished by external 
lateral pressure with Scudder’s clamp or similar lateral pressure clamp. 
The lateral pressure through the caliper may assist in the reduction. If 
pretty exact obliteration of the joint deformity cannot be brought about, 
then direct operative treatment should be at once used. 

The week of nonoperative tentative treatment will not have been in 
vain, for during this period preliminary preparations for operation will 
have been carried along. 

Cases of fracture of the femur which after careful study obviously can- 
not be replaced by immediate traction and manipulation, and cases seen 
too long after injury (delayed cases) for immediate reduction (three 
weeks possibly) should be treated by prolonged continuous traction and 
suspension or by operation, and, if necessary, direct fixation. 

The Soutter Traction Apparatus (Figs. 1243-1246) is devised to make 
the rhythmic application of force in traction and countertraction through 
double block pulleys.1 The use of definite force gradually increased with 
slight relaxation and then increased again will give relaxed muscles for a 
short time, which will allow the fracture to be reduced in that relaxation 
period, ordinarily about five to seven minutes. 

In handling a fracture and in the attempts at reduction, a gradually 
applied pull and counterpull under perfect control allows the fragments to 
be placed in apposition with comparatively little force and very little 
trauma. 

The manner of use of this Souter traction apparatus is very important, 
for if misused great harm may be done. See the original description by 
Soutter before using it. 

Fractures of the upper and lower thirds of the femur which are likely 
to resist forcible traction and reposition should be replaced by operation. 

1J.A.M.A., May 17, 1930, vol. 94, pp. 1547-1550. 
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Certain transverse fractures, whose fragments cannot be approximated 
because of muscle interposition, should be operated upon. 

Certain transverse fractures having a projecting spike of bone or sev- 
eral projecting spicules of bone which hinder reduction should be operated 
upon. 

Certain long oblique midshaft fractures seen too late for immediate 
handling should be operated on. 

The limitations of traction and countertraction, of manipulation and 
pressure, together with suspension as the adequate treatment of fractures 
of the shaft of the femur are gradually coming to be understood. As these 


Fig. 1243. 


























Fig. 1244. 
Figs. 1243, 1244.—Soutter traction apparatus. 


limitations are better known much unnecessary experimental manipulative 
treatment will be abandoned. The successful adequate method of treating 
a given fracture will be selected at the outset with confidence. 

There will always be fractures offering unique and difficult problems in 
treatment. There will always be slight variations from the absolutely 
normal anatomical and perfect functional results in both the ideally applied 
and completed nonoperative treatment and in the happily chosen and 
finished operative treatment. 

These facts make it incumbent on the surgeon to study all the condi- 
tions of the case at hand, to be familiar with possible methods of treat- 
ment, to choose that method which appears to be the most effective. 
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The Operative Treatment of Fracture of the Shaft of the Femur— 
With the skilled use of direct bony traction at the outset of treatment 
the need for direct operation upon the femoral shaft fractures should be 
less. 

If after a reasonable attempt to correct displacement and shortening 
by traction it is found impossible, then the displacement should be cor- 
rected by aid of an incision, traction, and direct leverage. 















































Fig. 1245. Fig. 1246. 
Figs. 1245, 1246.—Soutter traction apparatus. 


Huntington’s method of traction and countertraction illustrated in Fig. 
1246 is helpful at the time of operation. Martin’s method of direct trac- 
tion on the distal fragment is to be recommended in fractures with great 

‘lapping of fragments. 

Serie eee of Fracture of the Femur and the General Manage- 
ment of Fracture of the Femur.—I quote from Pearson and Drummond, 
as they have admirably described in great detail the many steps in the 
after-care of fracture of the shaft of the femur treated by nonoperative 


methods. 
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Success in the management of all fractures, and especially in femur 
cases, depends on the amount of care bestowed on them. No method will 
give uniformly good results except by constant attention to the details of 
its management. No method allows the surgeon to dispense with close 
personal attention, which must be very frequent in the early stages. The 
nurse’s part is of the utmost value, so is that of the masseuse, but unless 
the surgeon knows the difficulties of both his ultimate results will be poor. 

In the first place the surgeon should remember the importance of 
delicacy of touch and movement. Rough handling during dressings is a 
crime. Bumping against beds is clumsiness excusable only in the un- 
trained. The actual control of the fracture will entail a considerable 
amount of work on the part of the surgeon. 





_ Fig. 1247.—Supracondylar fracture of femur. Thomas splint with knee flexion attachment. 
Calipers to condyles of the femur and to the head of the tibia. Note especially the lift obtained 
by the vertical pull on the upper end of the lower fragment by tong suspension. (H. E. Santee.) 


By inspection, palpation, radiography, and measurement he will get 
complete information as to his success or otherwise in correcting disability 
or deformity. 

He will find that in many cases he has to make alterations in the posi- 
tions into which the limb was originally put. In most cases at first he will 
have to make daily minor adjustments. 

The adjustments consist of increase or decrease of abduction or adduc- 
tion, more or less flexion of joints, tightening of posterior slings, progres- 
sive use of pressure pads, attention to cord and pulley, ete. 

Above all, it is his special duty to carry out the daily movements of 
the knee joint. It is Pearson’s practice, and I approve this practice, to 
begin this on the earliest possible day after the injury, ?. e., immediately 
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the patient is fitted with his permanent splint, knee flexion attachment, 
and caliper extension. 

Assuming that the case is a recent one, one should begin by lowering 
the foot 1 or 2 inches a day until the heel reaches the bed, by which time 
the knee will have been flexed through, say, 40 degrees. This may take a 
week. One should then work upward 1 or 2 inches a day until the upper 
limit is reached, after which wide movements can be carried through every 
day. These movements should not be delegated to others and must be 
done regularly and adequately. If the knee is left unmoved for a week at 
a time some mobility will be lost and will have to be regained gradually. 
Later, when traction calipers have been discarded and some union has 
occurred, the movement of the leg can be relegated to the patient. Move- 
ments of the ankle and toes must be attended to also. 





Fig. 1248.—Fracture of the shaft of the femur. Considerable shortening. Muscle interposition 
preventing reduction. Operation. Plate, six screws. Solid union. 


z-Rays should be taken at intervals to be sure of the progress made in 
the conduct of the case. 

Inspection of the fractured limb should be made at least daily. Meas- 
urement should be made twice a week during the first few weeks and 
recorded (Pearson), the internal malleolus being reached through the 
bandage. Parts of the apparatus may need changing, and straps may re- 
quire tightening or loosening. The heel and sacrum will require attention 
because of the constant pressure from lying in one position. Suspension 
of the limb will diminish danger of pressure. 

Ordinarily there will be little or no pain associated with the repair of 
the fracture. After about four weeks all apparatus should be removed and 
the limb thoroughly inspected, to detect, if possible, any uncorrected de- 
formity, and to determine whether union is yet firm. In from four to six 
weeks repair in a healthy child or young adult should have advanced to 
the stage of firm union. Ninety-seven per cent of fractures of the shaft of 
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the femur in patients under ten years of age will be united within seven 
weeks (Paul). The apparatus should then be reapplied. At the end of the 
eighth week all apparatus should be finally removed. The thigh should be 
washed and thoroughly oiled. The patient should be permitted to lie in 
any position in bed without retentive apparatus for one week. The patient 
should not be allowed to bear weight upon the unprotected thigh until 
after the ninth week. At the ninth week he should be allowed up and 
about with crutches, and a moderately high-soled shoe (12 inches) should 
be worn upon the foot of the uninjured thigh. He should bear no weight 
upon the injured leg. The seat of the fracture should be protected by 
coaptation splints and straps or a light spica plaster of Paris bandage from 
the toes to above the waist. A Thomas splint, a walking caliper splint, 
fitting into the sides of the sole of a shoe, makes an inexpensive and easily 
handled protective splint (Fig. 1261). This may be used in the fracture 
of the femur at whatever portion it is broken after union is firm. The sup- 
port afforded by this splint enables the patient to move about and pro- 
tects the recent fracture from too early weight-bearing. The general 
health is thereby improved and lateral bending at the seat of fracture is 
prevented (Fig. 1224). At the end of three or four months all support 
may be discarded, and the adult patient encouraged to gradually bear his 
weight upon the injured limb. The careful surgeon will be sure that the 
walking caliper splint (Figs. 1260 and 1261) fits accurately, is comfortable 
and efficient, and is worn as directed for such time as the type of fracture 
and the patient’s bony reaction demand. With this security one is sure 
that secondary deformity will be avoided, as well as shortening and dis- 
placement of screws and internal fixation apparatus, if in situ at this date. 





Figs. 1249-1253.—The usual deformity in fractures of the lower third of the femur and the dis- 
position of the forces to overcome it. In the diagram 7 = traction; X = lengthening force; Y = 
lifting force; F = support for fulerum. A, Showing flexion of the distal fragment and overlapping. 
If not overcome, the sharp end of this fragment may perforate the skin. B, Illustrating tong 
traction applied higher than usual to lower part of shaft just above the condyles. Traction is 
made in an upward direction as compared with the axis of the proximal fragment. It is evident 
that the lifting component is increased and the lengthening component diminished when the 
point toward which traction is made is raised. In this case the points of the tongs are the fulcrum 
and the fragment is tilted into position by the weight of the leg and foot depressing the condyles. 
In practice the line of traction should at first be made to coincide with the axis of the proximal 
fragment, and as soon as overlapping is reduced, raised to increase Y and overcome the angular 
or vertical deformity. C, Illustrating skin traction and also tong and pin traction when applied 
to the tibia as well as stirrup traction to the os calcis. Traction in this case is always in the axis 
of the tibia and is transmitted to the distal fragment of the femur through the lateral ligament 
of the knee, and, therefore, the site of its application corresponds to their attachment to the 
condyle. As before, the traction force may be divided into two components, a lengthening XY 
and in this case a depressing Y which vary with the degree of flexion of the knee. To offset Y 
the supporting bands are kept tight under the distal fragment and constitute the fulcrum F’. 
In practice, traction at the outset should be made with the leg almost extended until the over- 
lapping is overcome, when the leg should be flexed until the vertical displacement is reduced. 
D, Illustrating tong traction applied to the distal fragment, but instead of the principle described 
in B, that described in C is utilized, namely, that of making traction in a line below the extension 
of the axis of the proximal fragment. It differs from C in that the degree of flexion of the leg 
has no influence upon the position of the distal fragment. Therefore by this method the greatest 
freedom of motion of the knee is permissible. E, Illustrating the method proposed by Van der 
Veld. The tongs are placed as far forward as possible on the distal fragment, and traction is 
made in or above the axis of the proximal fragment. The articular surface of the tibia being held 
opposed to that of the femur by the fascia lata and muscles of the thigh as well as, perhaps, to 
a certain extent by the attachment of the legs to the splint, a fulcrum is developed at the articular 
surface of the tibia and the forces may be resolved into one X, the lengthening force, and another 
Y, tending to rotate the fragment upward. (Blake.) 
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Eighty-three per cent of all fractures of the shaft of the femur, including 
those in adult life and childhood, were solidly united within nine weeks 





Fig. 1254.—Fractured femur, base of neck driven into the shaft. Spiral fracture of shaft just 
below this. Two Parham bands or two screws would hold well. (Warren Museum, 6529.) 





Fig. 1255.—A traction and countertraction method for use in fracture of the shaft of the femur 
during operation. (After Huntington.) 


(Paul). Of course fractures of the femur vary considerably in the time 
the patient is able to get about, but the foregoing routine is that of average 
uncomplicated cases. 
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Fig. 1256.—Low transverse fracture of the shaft of the femur. Displacement of the lower 
fragment{backward by the gastrocnemius muscle (Fig. 1257) and of the upper fragment forward. » 
Overlapping of fragments. 


Plantaris 


Two heads 
o} the : 
gastrocn Emus 





Fig. 1257.—Supracondylar fracture of the femur. The lower fragment drawn backward 
by muscular contraction. The vessels may be damaged by the upper edge of the lower fragment. 


(After Nifong.) 
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It is desirable to avoid the disability of the knee joint which invariably 
accompanies fractures of the neck and shaft of the femur. To the accom- 
plishment of this end attention is directed to the incorporation in the 
plaster of Paris splint of an adjustable splint of metal (Leland). 
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Figs. 1258, 1259——Supracondylar fracture of the femur. Note displacement and perfect repo- 
sition. (Henderson.) 
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Fig. 1260.—Thomas walking caliper splint and shoes (Fig. 1261). Note addition to sole of shoo 
of well foot. (Pearson and Drummond.) 


Metal bands about the thigh and calf connected by steel uprights, 
which are hinged opposite the knee, serve this purpose. Early active and 
passive motion and massage are thus so facilitated that the ordinary stiff- 
ness of the knee joint is in some measure eliminated. 
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The convalescent treatment of fracture of the thigh by means of the 
long Taylor hip traction splint, a high sole upon the shoe worn on the well 
foot, and crutches, is of very great value, especially in children and young 
adults (Figs. 1263, 1264). The hip splint consisting of a long outside up- 
right, pelvic, thigh, and calf bands, is applied with 2 perineal straps (Figs. 
1262, 1263). The traction is made through the windlass at the foot piece 
after fastening the extension strips to it. The countertraction is made by 
the 2 perineal straps. The thigh is securely held by coaptation splints and 





Fig. 1261.—Thomas caliper splint: The lower ends of the splint fit into the heel of the shoe, 
and part of the body weight is transmitted to the ground by the direct thrust of the rings against 
the tuberosity of the ischium (Fig. 1260). The opposite shoe should be slightly elevated. 
(Massachusetts General Hospital Conference.) 


a bandage about the thigh and splint. The patient goes about with 
crutches and a high sole of 2 inches upon the shoe worn on the well foot, 
bearing a little weight upon the foot of the splint. As a matter of fact the 
real value of this method in fracture of the thigh lies in the improvement 
to the general health by the early getting into the upright position and out 
of bed. This application of the ambulatory splint certainly is of great 
comfort to the patient. That it hastens the reparative process is yet to be 
fully demonstrated. If the Taylor hip splint is used, it should be applied 
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Fig. 1262.—Fracture of shaft of femur. Note great displacement and consequent deformity. 





Fig. 1263.—Fracture of the thigh. Conval- Fig. 1264.—Fracture of the thigh. Con- 
escent ambulatory splint without traction. valescent ambulatory splint without traction. 


Coaptation splints may be applied to the thigh 
and held by straps enclosing the thigh. 
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when union is found to be firm. After wearing the splint in bed for a few 
days the patient may get up and be about. 

The Standard of Results of Treatment of Fracture of the Femur.— 
Fractures of the femur seen early and treated by methods now available 
should recover with a correct alignment of the limb, full length of the limb, 
and functional usefulness of all joints. Shortening of the limb, instability 
of the knee, hyperextension of the knee, stiffness of the knee, backward 
bowing of the femur, permanent inversion or eversion of the foot, outward 
bowing of the femur, any angular deformity of the femur, limitation of 
movement at the hip or ankle, any of the defects above enumerated are 
not compatible with a perfect result following the treatment of a fracture 
of the shaft of the femur. It is possible to secure perfect results by the 
present available methods of treatment. This perfect result is the standard 
to be obtained. 

Any departure from this standard result must be accounted for by the 
lack of skill of the surgeon, the delay in initiating treatment, the absence of 


adequate treatment, the complications of the case, compound fracture, ~ 


crushing of soft parts, individual patient idiosyncrasies (of the reparative 
processes, nonunion, unexplainable as yet), calamities. 

Under ordinary conditions a closed fracture of the shaft of the femur 
should result in a functionally useful limb in a reasonable time (six 
months) . : 

If we could get away from the general terms, “good,” “fair,” “poor,” 
and “bad,” commonly used in describing an end-result of an injury, and 
adopt in ordinary use more accurate terms it would be a desirable thing. 
It is, of course, impossible to set an absolutely exact standard by which to 
measure end-results. 

The ultimate and highest aim of the treatment of a fracture is the res- 
toration of the function of the part. The next factor in importance is the 
state of repair of the injured part—vts union. The last factor is the appear- 
ance of the injured part—its contour. Perfect function, perfect union, 
perfect contour together mean a perfect result. 

Moorehead arbitrarily expresses this in percentage figures. Function 
equals 60 per cent; union equals 20 per cent; contour equals 20 per cent; 
total, therefore, 100 per cent perfect. 

In applying this method to a specific case it will appear as follows: if 
function is three-quarters perfect, 34 of 60 = 45; if union is one-half per- 
fect, 14 of 20 = 10; if contour is one-fourth perfect, 4 of 20 = 5. The 
result will then be 45 + 10 + 5, or a 60 per cent result (Moorehead). A 
desirable method in industrial cases especially. 

What shall be considered a satisfactory result in the treatment of a 
closed fracture of the shaft of the femur? It is always necessary to observe 
frequently and over a long period a fracture of the femur following firm 
union. It is surprising to find how often an apparently solid union will 
yield to body weight. Such yielding will at first not be noticeable to the 
patient, hence the importance of occasional observations by the skilled eye 
of the surgeon. Callus that yields to body weight may be made to yield 
to traction, pressure and bending of the bone both slowly and suddenly 
applied. How long after a bony fracture has bowed it may be affected by 
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traction is experimental for each case of this kind coming under observa- 
tion. Fractures of the femur that are thought to be pretty rigid will yield 
surprisingly easily under traction and pressure. Cutler has emphasized 
the “malleability” of bony callus. The degree of restoration of function 
cannot be determined with accuracy until about one year or less has 
elapsed after treatment is suspended. 

The following six requisites for a satisfactory result following fracture 
of the femur are those reported by a committee from the American Sur- 
gical Association, and generally accepted as forming a good working basis: 
For a result to rank as a good one it must be established that firm bony 
union exists; that the long axis of the lower fragment is either directly con- 
tinuous with that of the upper fragment or is on nearly parallel lines, thus 
preventing angular deformity; that the anterior surface of the lower frag- 
ment maintains nearly its normal relation to the plane of the upper frag- 
ment, thus preventing undue deviation of the foot from its normal position; 
that the length of the limb is exactly equal to its fellow or that the amount 
of shortening falls within the limits found to exist in 90 per cent of healthy 
limbs, namely, from % to 1 inch; that lameness, if present, is not due to 
more than 1 inch of shortening; that the conditions attending the treat- 
ment prevent other results from those obtained. 

(A) The Results of the Nonoperative Treatment of Fracture of the 
Shaft of the Femur.—From the clinic of Campbell and Speed, Memphis, 
Tennessee: 

Treatment by anesthesia, traction, manipulation, immobilization. Cases 
of adults, 54 in all. Recent (within three weeks) fractures. 

By perfect result is meant solid union, end-to-end apposition, no angu- 
lation, no shortening, perfect function. 

By good result is meant solid union, less than 1 inch shortening, slight 
angulation. Satisfactory function. 

By poor result is meant nonunion, bony deformity, shortening 1 inch or 
more, bad angulation. 

Results in these 54 cases were as follows: 60 per cent perfect, 35 per 
cent good, 3 per cent poor; that is 95 per cent good results. 

From this same clinic there were 57 acute cases in children, that is, 
fifteen years and under, giving 87.7 perfect results, 10.5 good results, 1.8 
poor results, or 98.2 per cent good results. Open reduction was done in but 
1 case of delayed union. 

(B) The Results of Nonoperative Treatment of Fracture of the Shaft 
of the Femur.—From the clinic of Conwell, Fairfield, Alabama: 110 acute 
cases, 80 per cent, were treated by skeletal traction, by caliper and Thomas 
suspension splint, and Pearson knee attachment; 20 per cent were in chil- 
dren treated by adhesive plaster traction and Thomas splint. 

Fifty per cent has severe contusion of the soft structures; 9 had involve- 
ment of the knee joint. 

Nineteen were compound and comminuted, 91 were simple. In the 
compound fractures a thorough débridement was done in each case. A 
closure of the wound was made and antitetanic serum administered. 
Otherwise the treatment was similar to that in the simple fractures. 

Open reduction was done in 4 cases; in 2 cases for interposed muscle 
tissue, in 2 cases because of delayed union. 
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The results in these adult laborers were as follows: Sixty-seven per cent 
of these cases did the heaviest kind of work and 90 per cent of these 
returned to the same work as before the injury. The average time for 
return to work for ight duty was from four and one-half to five and one- 
half months. The average time lost from full duty was six and one-half to 
seven months. 

The results from Campbell’s clinic illustrate the fact that immediate 
reduction under an anesthetic and immobilization in a plaster of Paris 
splint yield a high percentage of good results. 

The results from Conwell’s clinic illustrate the fact that immediate and 
gradual reduction by skeletal traction yield a splendid percentage of good 
results. 

Early mobilization of joints and massage should be practiced with due 
regard to the complete reduction and the secure union of the fracture. The 
results from these two clinics may be taken as illustrative of the maximum 
to be expected today from the nonoperative treatment. The results are 
brilhant, stimulating, and should lend renewed effort to the carrying out of 
nonoperative treatment in appropriate cases. 

Fracture of the Femur in Childhood.—There is no thought more funda- 
mentally important to a consideration of the treatment of fractures of the 
femur in childhood than that expressed by Ashhurst when he says surgeons 
often make a mistake in very young children in regarding bones as things 
separate from soft parts; the bones were originally formed out of soft parts 
and the younger the patient the more intimate is the physiological connec- 
tion between the two. The bones depend for their form on the action of 
the muscles and in the daily use of the limb; almost any deformity of the 
shaft of a long bone in a young child will be spontaneously corrected within 
six months or a year. 

The alignment of the fragments of a fracture of the femoral shaft in 
the growing child is more important than the position of fragments. 

The younger the growing patient, the more readily and completely is 
there compensation for the malposition of the fragments of a fracture. 

Fracture of the femur in childhood is usually caused by direct violence, 
very often an automobile injury, at times by a fall. 

The transverse, oblique, and spiral types of fracture appear. The 
oblique and spiral are the most common. A supracondylar fracture is a 
bit unusual. The middle of the femur is most often broken. 

Displacement of Fragments—This is, of course, variable, but is less 
likely to be typical of adult fractures than one would suppose. In frac- 
tures of the upper third the upper fragment is displaced internally and 
posteriorly quite as frequently as in the orthodox adult directions (Bur- 
dick). 

Occasionally the fracture will be incomplete, subperiosteal or green- 
stick. I have seen several greenstick fractures which have been supra- 
condylar and in the middle of the shaft. 

The principles of treatment to be kept distinctly in mind in this very 
special group of injuries: 

(A) The most simple form of treatment is best. 

(B) The initial treatment should be the permanent treatment when 


possible. 
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Fig. 1265.—Fracture of the shaft of the femur in a child over six years old, treated by plaster 
of Paris spica and traction. Note spica splint traction, countertraction by elevation of the foot 


of the bed. (Burdick and Siris.) 














Fig. 1266.—Fracture of femur. Overhead extension. Buck’s extension raises the buttocks, on 
the injured side, off the mattress. (David, Archives of Surgery, September, 1924.) 
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Fig. 1267 —Fracture of the shaft of the femur (older child). Lower extremity held in ab- 
duction and external rotation. The cord of the extension taken a turn around the end of the 
Thomas splint, so that the traction is through the splint and is more uniformly distributed to the 
traction apparatus on the leg. (David, Archives of Surgery, September, 1924.) 

















Fig. 1268.—Thomas caliper walking splint. (David.) 
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(C) Perfect anatomical reduction is not essential for perfect functional 
recovery. 

(D) Displacement and overriding of fragments will result in a good 
functioning limb, without tilting of the pelvis or compensatory spinal 
curvature or appreciable deformity. 





No short- 





B, Appearance three weeks after injury with callus forma- 


C, Appearance three months after injury. The walking caliper 


inch shortening. D, Thirteen and one-half months after injury. 


ents. 
(David, Archives of Surgery, September, 1924.) 


alignment. 
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, G. F., aged eight years.) A, Femur in extension two days after injury; 1 inch 


no end-to-end apposition of fragm 


269-1272.—(Case 1 


Figs. 1 
shortening; 





tion; 7 inch shortening and good 


has been removed and there is 
ening and no apparent deformity. 


(E) Shortening of the limb is usually compensated for by growth in 
length of the fractured bone. 

Immediate Treatment.—These small patients stand shock poorly. . 
Every care; therefore, bestowed on them will be positively beneficial. They 
react kindly to treatment. 

On admission to the hospital or to the home after the accident the facts 
regarding the injury and the nature of the fracture are always determined 
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with the help of the fluoroscope. The deformity, the presence of shorten- 
ing, and the position of the limbs are recorded. 

A towel loop is placed about the ankle of the injured limb, a rope is 
attached so that immediate traction over the end of the stretcher or 
receiving bed may be made. Eight to 16 pounds’ traction will immediately 
relieve the patient of pain, overcome muscle spasm, prevent further short- 
ening, and greatly facilitate subsequent reposition of fragments. 

So important is this immediate corrective emergency treatment that its 
employment cannot be too insistently and emphatically demanded. 

All fractures should be treated at the hospital and in private practice 
as the most important kind of an emergency. Fractures of the thigh 
especially (the femur being the big bone of the child’s body) should be 
regarded as important emergencies. 











Figs. 1273-1275.—(Case 2, A. G., aged eight years.) A, Transverse fracture of the upper 


third of the femur eight days after injury. There is little shortening. B, Appearance nine weeks 
after injury. The femur is in a walking caliper. There is some overriding, with 3 inch shortening. 


C, Appearance five months after injury. There is no shortening and no apparent deformity. 


The patient is immediately anesthetized (unless some special contra- 
indication exists). If the fracture is transverse, a successful locking of 
the fragments may be brought about by manipulation. 

An adhesive plaster moleskin extension is applied from the top of the 
thigh above the level of the fracture to the ankle. The whole tube of soft 
parts—skin, muscles, fasciae, and the lower fragment—will be pulled most 
effectively by thus enveloping the whole limb (Hey Groves). 

The permanent dressing and the exact handling of the limb will depend 
on the age of the child, the size of the limb, as well as on the kind of 
fracture. 

Ordinarily, if a greenstick fracture has been corrected under an anes- 
thetic, an immediately applied plaster of Paris spica splint will prove 
satisfactory. In children of ten years or under the Cabot posterior wire 
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frame with coaptation splints'and extension is a very comfortable way of 
handling such cases (Fig. 1282). 

The Dorrance method is shown in Fig. 1276. 

In small children under four years the suspension in a Bryant over- 
head traction position will be simple and suitable (Fig. 1285). If the 
fracture has been locked, completely reduced, or if there is little overriding, 
both limbs may be suspended, this being a comfortable position. 

It has been observed that the pull with one limb.suspended, just so the 
buttock clears the bed, is 25 to 33 per cent greater than with both limbs 
suspended (Burdick and Siris). 

The amount of abduction needed will vary, but should be at least 20 
to 30 degrees. 

After four weeks the suspension is omitted. The child is kept in bed 
for about two weeks longer without traction or splint. 





Fig. 1276.—Traction method used by Dorrance in children over two years of age with frac- 
ture of the femur. Extension is made to both legs and the counterweight of the child’s body is 
utilized for counterextension. 


The experience of most surgeons, I believe, with the overhead traction 
is that it serves really only as a means of immobilization and not as an 
active method of extension and counterextension. 

The adhesive plaster, like all adhesive plaster extensions, is liable to 
aa and cause excoriations of the skin and ulceration about the ankle and 
oot. 

When the Overhead Traction Is Not Applicable—In the case of chil- 
dren over four years old, the Russell method is satisfactory. It is simple, 
it aligns the fragments, it results in exuberant callus, permits early active 
motion and results in a restoration of function. The x-rays of cases treated 
by Russell traction do not show exact apposition of fragments as a rule— 
nor is this essential to a functioning and useful leg. The long axis of the 
bone fragments is obtained. Siris and Delaney find that the transport of 
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fracture of the shaft of the femur maintaining alignment and length causes 
the subsequent use of Russell traction to be eminently satisfactory, espe- 
cially in childhood. 

Bradford Frame with Vertical Suspension —In very small children it 
is sometimes wise to use the Bradford frame (Fig. 1287) and vertical 
suspension (Fig. 1286) of one or both thighs. This is an efficient, com- 











8 


9 
10 

| 
oy 


Fig. 1277.—Case 2. Appearance twenty months after injury. There is no shortening and 
practically no deformity. (David, Archives of Surgery, September, 1924.) 














fortable, and clean method of treatment. The Bradford frame is an iron, 
framelike stretcher on which the child lies and to which the shoulders and 
hips are fastened to prevent the child’s moving about. _Counterextension 
is then secured by the immobilization of the pelvis and hip. The extension 
is applied to the thigh and leg as usual. The limb is flexed on the body to 
a right angle, coaptation splints being applied to the thigh. After the 
novelty of the position passes away the child is perfectly contented. As 
59 
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soon as union is firm the permanent plaster spica dressing may be applied, 
and the patient may be up and about with high shoe upon the well foot 
and with crutches. The use of the long hip splint will be of great service 
in these cases either with or without the extension foot piece (Figs. 1263, 
1264). After fracture of the shaft of the femur in children there should 
be no shortening and no special difficulty in convalescence. It is wise to 


























Fig. 1278.—Case 6. Appearance eleven months after fracture, showing equal length of femora 
and lack of deformity. (David, Archives of Surgery, September, 1924.) 


guard the thigh a sufficient time after union is firm to insure absolute 
solidity and freedom from bowing in any direction (Figs. 1268, 1289). 
The Making of the Bradford Frame: It is most easily made from ¥4- 
to 54-inch gas piping. It should be 1 inch wider than the width of the 
hips, and 6 inches longer than the height of the child. It should be covered 


with canvas, so as to leave a space under the buttocks for the use of the 
bed pan. 
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Fractures in Older Children—Immediate reduction and fixation in a 
plaster of Paris spica with continuous traction is advocated. After reduc- 
tion with the assistance of the Hawley table an adhesive plaster extension 
is applied, and then a plaster spica (Fig. 1265, Burdick). Some 10 or 15 
pounds weight extension is used. The foot of the bed is elevated. 














Figs. 1279, 1280.—Case 6. W. R., aged four and a half years. A, Oblique fracture of the lower 
third of the femur after five weeks in overhead extension. There is § inch (9.5 mm.) shortening. 
B, Appearance five and one-half months after injury. There is no shortening and no apparent de- 
formity. (David, Archives of Surgery, September, 1924.) 


Roentgen rays are taken for a record of the situation. The extension is 
used to prevent loss of. all that is gained at the time of the manipula- 
tion and attempted reposition rather than to accomplish anything posi- 
tively better in reduction. ee te 

The splint is removed after six weeks. There will be no limitation of 
motion at the hip, only temporary disability of the knee. The patient is 
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out of bed in two more weeks, with the thigh protected from bending for 
two weeks more, moving about with crutches, and finally full weight- 
bearing after all likelihood of bending of the callus is past (Burdick). 

The use of the Thomas splint as in adults is valuable in cases of 
compound fracture, in cases requiring skeletal traction, in cases which 
should not have a general anesthetic and must be gradually reduced by 
traction. 

Overhead suspension, combined with the steadying help of the Thomas 
splint, is found advantageous in certain small children (Fig. 1266, David). 

Then, again, in children over eight years the overhead will be found un- 
comfortable. One may use in such cases a Thomas splint in considerable 
flexion of thigh on the body and maintaining correct alignment by suffi- 
cient abduction (Fig. 1267, David). 
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Fig. 1281.—Fracture of the shaft of the left femur. Two to 3 inches overriding of fragments. 
Patient on Bradford frame. Hips held by towel swathe to frame. Key-Schmerz ice tongs applied. 
Buttocks just clear the bed. Note tongs and dressing about knee which is flexed at a right angle. 
Anterior bowing corrected by traction over dorsum of thigh by 23-pound weight to pulley at foot 
of bed. Leg and foot held at a right angle. Caliper removed after three and one-half weeks. 
Plaster of Paris splint. (Thorndike and Cutler.) 


The Operative Treatment in Childhood.—The need for direct fixation of 
the shaft of the femur in children in recent fractures will rarely arise. In 
neglected fractures, in those with serious overriding of fragments, the ends 
should be freed and replaced and fixed. Internal nonabsorbable fixation 
material should eventually be removed. 

Skeletal Traction—In children when adhesive traction is ineffective, 
especially in older children, borderline children, muscular children, in frac- 
tures that have been untreated for some days, where a strong traction 
force is needed, skeletal traction will be found to be sane, safe, and satis- 
factory (Fig. 1281, Thorndike and Cutler) . 

In the application of the caliper the synovial pouch and the epiphyseal 
line must be avoided. The caliper should be applied in the shaft of the 
femur well above the epiphyseal line, higher than is customary in the 
adult. 
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The careful use of the caliper skeletal traction will very materially 
lessen the number of operative fractures in childhood. Many fractures in 
children are unnecessarily operated on. 

The Results of Fracture of the Femur in Childhood.—Usually a perfect 
result is eventually obtained, without shortening, deformity, joint stiffness, 
and with perfect function. 

I wish to present the evidence carefully collected by Burdick, Cole, 
David, and others, that overlapping of fracture fragments of the femur and 
displacements of such fragments are eventually completely compensated 
for by the natural growth of the child. 

These facts should not make us less careful, but more careful of our 
treatment of these cases. These facts will prevent unwise operations on 
the bones of children. 

When confronted with a fracture of the shaft of the femur ina child 
over ten years old, which is difficult to reduce, even granting that perfect 
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Fig. 1282.—Ca- 
bot wire splint for 
fracture of the hip Fig. 1283——The Cabot wire splint ready for use. Lateral view, showing 
and thigh. curves of splint corresponding to small of back, buttock, and knee. 





reduction is unnecessary because of the compensating action of growth, 
the question will occasionally arise, is it good judgment to allow this child 
to recover from this immediate injury with shortening and lack of perfect 
alignment? Is it wise to take the attitude that this child can afford to 
wait one year, two years, or even three years before a functionally normal 
limb is obtained? How far shall we allow this natural compensatory effort 
of growth to influence the choice between operative and nonoperative 
treatment? If immediate operation is done ideally, the result will be im- 
mediate in normal time—six months or so. 

I believe that there will be occasional cases in which operation will be 
wise. I believe there will be occasional cases to which the caliper traction 
will be applicable. I believe that most cases should be treated by non- 
operative traction methods. 

The Cabot Posterior Wire Splint (Fig. 1282).—The splint consists of 
two portions—a body part and a leg part. The patient lies upon the body 
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part with the thigh and leg resting upon the leg part, as upon a coaptation 
splint. Having a vise and simple iron wire the size of an ordinary lead 
pencil, this splint can be made in a few moments; the bending of the wire 
according to the diagram and fastening the free ends by a strip of small- 
sized wire being all that are required. It is necessary to make the follow- 
ing measurements before bending the wire to the general shape shown in 
the diagram, namely, D—E, the distance from the axilla to the calf of the 
leg; A—D, the width of the trunk; A—B, from the axilla to a pomt midway 
between the crest of the ilium and the top of the great trochanter; F—E, 
the width of the leg, usually from 2 to 24% inches. A—D and B-C are bent 
to the curve of the back. B-C is so bent that it jumps over the sacrum and 
does not touch posteriorly excepting at B and C. The long rods are so 
bent as to adapt them to the posterior curves of the buttock, thigh, pop- 





Fig. 1284.—The Cabot 
wire splint ready for use. 
Front view, showing cover- 
ing of Canton flannel and 
Canton flannel double 
swathe for fixation to chest. 


liteal space, and leg (Fig. 1283). The splint is covered, as in the posterior 
wire splint for the leg, by layers of sheet wadding and cotton bandages. 
A swathe is attached to the two sides A-B and D-H of the body part 
(Figs. 1282, 1284). The child is carefully laid upon this splint, the body 
swathes adjusted, the extension strips applied, traction made by weight 
and pulley with the foot of the bed elevated, coaptation splints applied 
and held in position by straps that include the posterior wire splint. If it 
is necessary to move the child for the making of the bed, for the use of the 
bed pan, or for bathing, the extension may be unfastened temporarily with- 
out any injury to the fracture, particularly if the coaptation splints are 
then temporarily tightened to secure a firmer hold on the thigh. The child 
should be, of course, clean from both urine and feces, and the fracture im- 
mobilized. 
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After four weeks of bed treatment the child may be up, with crutches 
and a high shoe with the Cabot splint applied. Shoulder-straps should be 
attached to the splint when it is worn in the erect position. This is one 





Fig. 1285.—Method of suspending lower limb in fracture of the thigh in a child. Note ex- 
tension strips held by a bandage from groin to ankle, spreader, cord, pulleys, weight, and post 
for holding pulley. (Davison.) (See Fig. 1286 for complete dressing.) 

















Fig. 1286.—Fracture of the femur in a child. Note Bradford frame on which child rests, 
the position of the lower extremity. Shoulders and trunk of child held fixed by straps and swathe. 
Note coaptation splints, extension, weight, and pulley. A comfortable position for child. An 
efficient method of treatment. 


of the simplest, cleanest, and most efficient methods of treating fracture 
of the thigh in young children. The child can be moved with freedom 
and without pain. A light plaster of Paris spica bandage may be used in 
convalescence with crutches and a high shoe on the uniniured side. 
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Fig. 1288.—Fracture of the thigh in a child. Vertical suspension as in Fig. 1286 has been 
followed. After two weeks the lower extremity is lowered to this position upon an inclined plane 
before completely lowering to bed level. Inclined plane made of three pieces of rather heavy 


wood for solidity. Note the extension in the line of the long axis of the lower extremity. (Davi- 
son.) 
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Fig. 1290.—A seven-year-old boy, run 
over, circulation poor, leg cold and pale. Two 
attempts at reduction failed. Double inclined 


plane. Circulation improved. Toe drop. 

Fig. 1289.—Old fracture of the femur with Three months after accident impossible to re- 

deformity. Due to use of unprotected thigh duce epiphyseal separation. Resection of 

before complete consolidation of the fracture. joint done. Toe drop persisted. Poor result. 
(Warren.) Shortening. (Binney and Lund.) 
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Fig. 1292.—Same case as Fig. 1291. Note 
lateral curvature and lack of growth of the left 
lower extremity six years after injury to lower 


(Binney and Lund.) 


Fig. 1291.—An eight-year-old boy. 
Compound separation. Toe drop. Six 
years after the accident 2 inches shortening. 
See Fig. 1292, lateral curvature present. femoral epiphysis. 


(Binney and Lund.) 


CHAPTER XXXVII 


FRACTURES OF THE PATELLA 


Anatomy.—A. knowledge of the anatomical relations of the patella is 
necessary to a perfect understanding of the fractures to which it is liable 
(Figs. 1293-1295). Attached to the patella upon its upper border is the 
tendon of the quadriceps extensor muscle. Upon each side of the bone are 





Fig. 1293.—Anterior view of normal patella. 


Articular 
portion 


Lower 
portion Lower 


portion 





Fig. 1294—Posterior view of normal patella, Fig. 1295.—Lateral view of norma 
showing the two articular surfaces for the condyles patella. Note lower portion, extra- 
of the femur. Note the lower tip of patella is extra- articular. Fracture in this lower portion 
articular. will not open the knee joint. 


attached the vastus internus and vastus externus respectively. Below the 

insertions of the vasti is a portion of the low attachment of the fascia lata 

of the thigh. At the lower border of the patella is the patellar tendon. 

This tendon is inserted into the tubercle of the tibia, and it is separated 

from the head of the tibia by a bursa and a pad of fat tissue. The tendon 
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of the quadriceps, the insertions of the vasti muscles, and the patellar 
tendon are all continuous with the strong fascia lata surrounding the thigh. 
The fascia lata is attached below the condyles of the femur, the sides of 
the patella, the tuberosities of the tibia, the head of the fibula, and to the 
deep fascia of the leg in the popliteal space. The patella is seen, therefore, 
to lie in a strong fibrous sheath that encircles the knee and is attached to 
various bony prominences. The synovial membrane of the knee joint 
lies directly beneath and attached to the posterior surface of the patella. 
Laterally and posteriorly the synovial membrane lies next to the encircling 
fascia of the joint. The deep bursa of the femur lies in front of the lower 
end of the femur beneath the quadriceps muscles, and often communicates 
with the knee joint. The tubercle of the tibia is on a level with the head 
of the fibula. The outline and anterior surface of the patella can be pal- 
pated throughout. When the leg is completely extended and is at rest the 
patella can be moved from side to side. The numerous longitudinal striae 
on the anterior surface of the patella can be detected. In these the tendin- 
ous bundles of insertion of the rectus are embedded. It is these fibers 
that fold in over the broken patella and prevent the approximation of the 
fragments. The ligament of the patella is parallel with the axis of the leg. 

Fracture of the patella occurs through either muscular contraction and 
strain, a “tear fracture,” or through direct violence, a “blow fracture.” 
The form of the fracture is not altogether dependent upon the causative 
force. The “tear fracture” will be transverse and clean cut, the “blow 
fracture,” comminuted and irregular. The knee joint is generally opened, 
v. €., the synovial membrane is generally torn. The synovial membrane is 
reflected from the posterior surface of the patella some distance from the 
most inferior tip of the bone. It is possible, therefore, for a fracture to 
occur at the lower portion of the bone for some considerable distance 
from the lower edge without opening the knee joint. 

A longitudinal fracture of the patella may occur. Following injury to 
the knee it should not be overlooked. A persistent joint effusion or recurring 
joint effusions from slight injuries or overexertion may suggest the true con- 
dition to be a longitudinal fracture of the patella and not primarily a chronic 
arthritis. Lapidus? calls attention to the exact location of the fracture line 
at the junction of the middle and outer quarters of the patella. The frac- 
ture is probably due to a combination of muscle pull and direct trauma 
to the bone. These cases of longitudinal fracture of the patella have been 
diagnosed hitherto as “sprain of the knee,” “synovitis of the knee,” “inter- 
nal derangement of the knee joint.” The patient can usually walk. There 
is a hemarthrosis almost always and linear tenderness to palpation. The 
x-ray anteroposteriorly having superimposed shadows, no clear picture is 
had. Lateral views do not show a longitudinal fracture. 

Technic of «-Ray.—Patient on abdomen, knee flexed and rotated ex- 
ternally 15 degrees. Film beneath patella on table. Central ray directed 
obliquely through the head of the fibula. «w-Rays must be taken of the 
uninjured patella for comparison. Congenital malformations of the patella 
must be differentiated. Repeated aspirations of the affected knee and some 
protection to the joint is wise treatment. No operative treatment is 


needed. 
1 Jour. Bone and Joint Surgery, April, 1932. 
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Fig. 1296.—Roentgenogram of knee to Fig. 1297—Roentgenogram of knee to 
show a congenitally abnormal patella. (John show a congenitally abnormal patella. This 
Adams.) is the opposite knee to that shown in Fig. 1296 


These congenital deformities of the patella are 
usually bilateral. (John Adams.) 





Fig. 1298.—A roentgenogram of knee joint. Note a congenital variation anomaly of the 
patella. This may be mistaken for a fracture of importance, particularly in industrial injuries. 


(John Adams.) 
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An Anomaly of the Patella..—The patella, being a sesamoid bone, is 
hable to various anomalies in development common to sesamoid bones in 
other parts of the body. 

In the anomalies reported the appearances are similar, viz., the outer 
and upper quadrant of the patella, which is always the part involved, con- 
sisted of one or two separate fragments of bone. The general contour of 
the patella otherwise remains normal. 

The separate fragments of bone have the same structure as the main 
portion of the patella (Fig. 1296). 

In one series (Adams and Leonard) of 63 fractures of the patella seen 
in one year over 8 per cent were congenital anomalies. The occurrence of 
the anomaly is more common than has been supposed. 

The differential diagnosis between an anomaly and fracture may be 
made from careful roentgen-ray plates taken of both knees. These anom- 
alies are usually bilateral. The adjacent surfaces of the fragments are 
smooth and appear like cortical bone. 

The anomalies are situated in the outer upper quadrant of the patella. 
This is an unusual place for fracture. The absence of an adequate accident 





Fig. 1299.—Right knee normal; left knee, fracture of patella. Two days after accident. Observe 
swelling of whole knee. Joint filled with fluid. 


to cause fracture is important. The recognition of this congenital anomaly 
is specially important in dealing with industrial compensation injuries 
(Adams and Leonard) . 

One case well authenticated is recorded by Petty, Buenos Aires,? of a 
congenital horizontal division occurring in both patellae. 

Symptoms.—There are pain in the knee and immediate disability, vary- 
ing from partial to complete loss of power in extension and in flexion. In- 
ability to extend the leg is suggestive of either a fracture of the patella, 
a rupture of the patellar ligament, a rupture of the quadriceps tendon, or it 
may be associated with a fracture of the beak-shaped process of the upper 
part of the tibia—the tibial tubercle. The patient may be unable to rise 
or, if he can stand, he cannot move except backward, and then only by 
dragging the foot of the injured limb upon the ground. The patient is 
often unable to raise the heel from the bed when lying upon the back. 
Swelling of the knee, which at first is slight, after three or four hours may 
become very great (Fig. 1299). The swelling is due to the accumulation 


1 Adams and Leonard, Surg., Gynec., and Obst., 1925. 
2 Brit. Jour. Surg., April, 1925. 
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of blood and synovial fluid in the knee joint. A traumatic synovitis exists. 
The immediate swelling of the knee rarely may become great enough to 
demand an incision to relieve the tension upon the skin, to prevent slough- 
ing of the skin about the broken patella. Immediately after the accident 
crepitus may be elicited by pressing the two fragments together. When 
the knee joint is distended by fluid it is often impossible even to detect 
the fragments of the patella, but as the fluid subsides and the sulcus be- 
tween the bones is felt crepitus can again be detected.- The degree of the 





Fig. 1300.—Fracture of the patella; fibrous Fig. 1301.—Fracture of the patella. Note 
union. A growth of bone has taken place about _ fracture of lower fragment. A common form 
the lower fragment. (Warren Museum.) of fracture. (Warren Museum.) 


separation of the fragments is dependent upon the amount of distention 
of the joint and upon the extent of the tearing of the lateral aponeurosis 
(fascia lata) of the knee, permitting muscular contraction and retraction. 
If the causative violence is associated with a wound of the soft parts there 
will be evident a contusion or an abrasion of the skin or a lacerated 
wound opening the knee joint, making the fracture an open one. 

Treatment.—The indications to be met are the limitation and removal 
of the effusion, the reduction of the fragments, the maintenance of the re- 
duction until union is satisfactory, and the restoration of the functions of 
the joint to their normal condition. 





Line of fracture 


Fig. 1302.—Fracture of the patella. (Warren Museum.) 


The Limitation and Removal of the Effusion—lIf the fracture is seen 
before there is great swelling, limitation of the swelling may be effected by 
immobilization of the knee and the accurate application of an elastic rub- 
ber bandage. If the bandage is not at hand, sponge compresses may be 
used, viz., two slightly moistened bath or carriage sponges are allowed to 
dry under pressure sufficient to flatten them. These are placed upon each 
side of the knee and over it, and are held by a few turns of a roller bandage. 
Cool water is then poured over the whole. As the sponges absorb the 
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water they enlarge, causing equable and firm pressure on the knee, thus 
very materially hindering the accumulation of fluid and favoring its ab- 
sorption. These wet sponge compresses should be left in position for from 
twelve to twenty-four hours, and then a fresh set used. 

Massage skilfully applied to the whole limb, irrespective of the method 
of treatment eventually instituted, will not only assist in the absorption of 
the fluid, but will preserve intact the muscles of the limb. Massage to be 
effective should be applied at least twice daily, and from fifteen minutes 
to one-half hour at a time. Slight pain will be felt, but after a time mas- 
sage will be painless and give great comfort. 


I 
ANN 
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Fig. 1303.—Fracture of patella; union Fig. 1304.—Ham splint without strap, 
with long fibrous band. Note separation of showing proper length and relation to thigh 
fragments. (Warren Museum, Specimen and leg posteriorly. (Cotton.) 

5253.) 


The Reduction of the Fragments.——No attempt should be made to re- 
duce the fragments until nearly all the fluid is removed from the knee 
joint. Reduction is accomplished by immobilization of the knee joint, by 
fixation of the lower fragment, and by traction upon and fixation of the 
upper fragment. The leg should be extended completely and the knee 
immobilized either upon a ham splint (Figs. 1304-1306) or upon a Cabot 
posterior wire splint. The ham splint is preferably made from a plaster of 
Paris bandage. The fragment is held fixed by a strap, preferably of adhe- 
sive plaster, placed obliquely about the leg and splint, and fastened to the 
splint above the fragment (Figs. 1307, 1308, 1310, 1311). The upper frag- 
ment is drawn down first by elevation of the leg upon an inclined plane, 
which relaxes the quadriceps extensor muscle, then by traction obtained 


944 FRACTURES OF THE PATELLA 


by a strap passed obliquely above the upper fragment and fastened to the 
splint below the fragment. The upper strap will need repeated adjustment 
as the plaster slips and as the fluid disappears from the joint. To facilitate 





Fig. 1305.—Improper method of applying a ham splint. The knee joint is not immobilized. 
Flexion is possible. Straps 1 and 2 are insufficient. 





Fig. 1306.—Proper method of applying a ham splint. The third adhesive plaster strap (3) pre- 
vents flexion of the knee. 





_ Fig. 1807.—Expectant method of treating fracture of the patella. Leg extended on pos- 
terior wire splint. Fragments held by two straps. Fluid has left the joint. A, Side splints; 
B, coaptation splints reflected. 


traction by this upper strap the quadriceps muscle should be held firmly 
by coaptation splints and straps encircling the posterior splint. The quad- 
riceps cannot then actively pull upon the upper fragment. The tendency 
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Fig. 1308.—Expectant method of treating fracture of the patella. Same as Fig. 1306, with the 
addition of coaptation splints to the thigh, padding, and straps. 





Fig. 1309.—Fracture of patella, dressed on inclined plane. (Ashhurst.) 





Fig. 1310.—Expectant method of treating fracture of the patella. Same as Fig. 1308, with 
the addition of two lateral splints, padding, and straps. A posterior wooden splint, seen better 
in Fig. 1308, and elevation of the limb 


60 
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of these two straps thus applied will be to tilt the broken surfaces of the 
two fragments upward and apart, particularly if there is fluid in the joint. 
It is important, therefore, to place a third strap over the two broken edges 
of the fragments in order to hold them down to their proper level and to 
assist in bringing them into apposition. The coaptation splints should be 
removed at every massage treatment, the upper fragment being steadied 
by an assistant. The straps about the patella need not be removed during 
the massage. They will be of no inconvenience. As soon as the effusion 
has left the joint, all will have been gained in the reduction of the fracture 
that can be gained by this method. 





Fig. 1311.—Expectant method of treating Fig. 1312.—Extent of flannel bandage to 
fracture of the patella. Anterior view of ap- knee, applied after all immobilizing apparatus 
paratus complete. The padding of the side is removed. 
splints is shown. 


Aspiration of the knee joint by means of a narrow knife incision or by 
means of a large-sized trocar is, if done under strictly aseptic precau- 
tions, and forty-eight hours after the fracture, often satisfactory in imme- 
diately removing the bulk of the effusion; if firm compression is then 
made, it effectually prevents the reaccumulation of fluid. 

Maintenance of Reduction Until Union is Satisfactory —At the end of 
about four or six weeks from the time of the injury union will be found. 
All fluid will have left the jomt. The retentive straps and coaptation 
splints may now be removed. The leg should be immobilized by means of 
a plaster of Paris splint extending from just below the swell of the calf to 
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the groin. This splint is split on the side or posteriorly and arranged as a 
removable splint. Proper bathing is facilitated. This enables the masseur 
to work. 

The removable splint is made thus: A light-weight plaster of Paris 
roller bandage is applied to the properly protected leg from above the 





Fig. 1313.—Old fracture of patella; great separation of fragments. Condyles of the femur 
are prominent between fragments. Leg was useful but weak. A, The lower fragment; B, the 
condyles of the femur; C, the upper fragment. 





Fig. 1314.—Fracture of the patella. Moderate separation of the fragments of each knee joint. 
Useful legs. 


ankle to the groin. It is split in the median line its whole length before 
the plaster has quite hardened. It is sprung off the leg. After it is hard 
a narrow strip of leather, upon which are fastened lacing hooks, is stitched 
to each cut edge. This splint may now be sprung on the limb and laced 
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snugly in position. A leather splint may be similarly made from a plaster 
cast or mold of the limb. As soon as union is firm the patient should be 
up and about with the light removable fixation splint applied, walking 
with the aid of crutches. 

Fixation (prevention of flexion and extension) on walking is to be 
maintained for at least six months after the injury. Protecting the knee 





Fig. 1315.—Transverse fracture of the patella _ Fig. 1316.—Transverse fracture of the patella, 
at its middle, remarkably clean cut. union solid 





Fig. 1317. Fig. 1318. 





Fig. 1319. Fig. 1320. 





Fig. 1321. 
Figs. 1317-1321.—Types of fracture of the upper third of the patella. Note tilting of fragments. 


thus when walking for this period of six months does not preclude active 
movements of the knee when not bearing weight upon the limb. At the 
end of that time the patient may be allowed to go about with a cane and 
a snugly fitting roller bandage (Fig. 1312). This bandage should be made 
of medium weight flannel, cut straight with the weave, and not on the bias. 
The bandage should be applied from the middle of the calf of the leg to the 
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middle of the thigh when the leg is completely extended. As the patient 
becomes confident of his strength the cane need not be carried. Sudden 
movements are to be avoided. At the end of six or eight months, varying 
with the individual case, all support may be omitted from the knee. 

The Restoration of the Function of the Joint —From the day of the in- 
jury daily massage to the whole limb is important. It maintains the mus- 
cles in good tone. It prevents adhesion of the fragments to the tissues 
about the condyles of the femur, a not uncommon cause of ankylosis of 
the joint. It facilitates the absorption of the effusion of blood and 
synovial fluid. After the second week daily active motion is to be insti- 
tuted; at first very slight indeed, barely 2 or 3 degrees. The patient may 





Fig. 1322. Fig. 1323. 





Fig. 1324. 








Fig. 1326. 


Figs. 1322-1326.—Types of fractures of the lower third of the patella. Figure 1326 is an unusual 
type of fracture of the anterior portion of the lower third. 


walk about on the injured leg with knee fixed after the second week. If 
the relative position of the fragments is not altered perceptibly by this 
passive motion and lasting pain is absent, it may be persisted in with 
regularly increasing amounts. At the expiration of eight or ten weeks 
active motion at the knee joint may cautiously be allowed. The appear- 
ance of persistent and increasing tenderness, sensitiveness, or pain, and 
increasing separation of the fragments are the indications to diminish or 
cease passive and active motions. 

Summary of the Treatment of Fracture of the Patella by the Expectant 
or Nonoperative Method—During two weeks’ fixation of the knee elastic 
compression, douching, massage, the thigh flexed slightly on pelvis, the 
leg extended, retentive straps, and coaptation splints are the measures 
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Fig. 1327. , Fig. 1328. 








Fig. 1329. Fig. 1330. 


Fig. 1327-1330.—Illustrating types of tilting or displacement of the fragments in a fracture of 
the patella. 





Fig. 1333. 
Figs. 1331-1333.—Fracture in lower third of patella. Note comminution of lower fragment. 
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employed. At the third or fourth week remove all apparatus, apply re- 
movable splint, allow walking with crutches, and use daily active motion. 
At the eighth week discard crutches, use cane, and permit limited daily 





Fig. 1334.—Comminuted lower fragment of patella. 


active motion. At the fourth month discard splint, apply flannel bandages, 

and discard cane. At the sixth to the eighth month remove all support. 
Open Fracture of the Patella—This is a very serious injury, because 

one of the largest synovial cavities of the body is exposed to infection. The 





Fig. 1335.—Comminuted fragments between the main fragments. 


edges of the superficial wound should be refreshed. It is safest and wisest 
to lay open the knee joint and to irrigate it thoroughly with a sterilized 
normal salt solution. All blood clots should be carefully wiped away. All 








Fig. 1336.—Much comminuted fracture of the patella. Best treated by an encircling absorbable 
suture to bring fragments together. 


loosely attached fragments of bone should be removed. Particular atten- 
tion should be paid to the posterior parts of the joint behind the condyles 
of the femur. It will be found convenient in cleaning these parts first to 
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flush the joint with sterile salt solution and to flex and to extend the knee. 
All parts of the joint posteriorly are thus likely to be thoroughly flushed. 
The fragments should be approximated and sutured by some absorbable 
suture. The skin wound should be closed. The knee joint should be im- 
mobilized in a posterior wire splint and side splints or in a plaster of Paris 
splint. 
Prognosis.—Ordinarily, an individual should not follow his occupation 
for about six weeks to two months after a fracture of the patella, 7. e., 
unless the occupation can be conducted with a leg held stiff at the knee. 
The functional usefulness of the limb and not anatomical considerations 





Fig. 1337, 





Fig. 1338. 





Fig. 1339. 


Figs. 1337-1339.—After suturing fracture of the patella by wire, the old operation. Note the 
lack of exact approximation upon the joint side of patella. 


should be the chief criterion in determining the result following fracture of 
the patella. If a man can earn his living as before the accident without 
local discomfort or hindrance he possesses a useful limb. It makes little 
difference if there is a slight separation of the fragments or a suggestion 
of a limp or slight atrophy of the thigh and calf muscles; these conditions 
are all to be accepted as part of the irreparable damage, and are trivial. 
In nonoperative cases the union is sometimes fibrous, although it may be 
‘bony. The interval between the fragments may amount to 5 or 6 inches. 
The approximation of the fragments of the patella is not evidence of 
strength, for the fibrous bond of union may be much narrower than the 
fractured surface and very thin, and thus easily ruptured. The useful- 
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Fig. 1340.—Old fracture of the patella with great separation and retraction of the fragments and 
rupture of the patellar tendon or ligament. Note atrophy of the patellar fragments. 





Fig. 1341.—Old fracture of the patella. Note absence of bony union of unreduced fragments 





Fig. 1342. Fig. 1343. 





Fig. 1344. Fig. 1345. 





Fig. 1346. 


Figs. 1342-1346.—Types of old fractures of the patella. Note the irregular joint surfaces on the 
under side of patella. 
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ness of the limb after fracture of the patella is not dependent upon any 
one factor, either the kind of union or the extent of the separation of the 
fragments of bone. There are usually no adhesions of the upper fragment 
to the femur; but injury to the bursa under the quadriceps may cause 
troublesome adhesions upon the anterior surface of the thigh. Full flexion 
is a common result, but there is often limitation of active extension. There 
may remain a little jomt stiffness, despite both massage and active and 
passive motion; this, unless due to fibrous adhesions, disappears gradually. 
The majority of cases of fracture of the patella under careful nonoperative 
treatment will secure a useful limb. A patella once fractured and having 





Fig. 1347.—Fracture of the patella, showing fascia lying over broken surface. Smaller figure 
shows one portion of fascia picked up in forceps. 


united by fibrous or bony union may be broken through the callus of the 
healed fracture or in a fracture entirely different from the first break. 
Results after Fracture of the Patella—In a first series of 47 cases of 
fracture of the patella treated at the Massachusetts General Hospital, oc- 
curring between the ages of eleven and sixty-five years, 4 were over fifty 
years, 13 were under twenty-five years, 29 were between twenty-five and 
forty-five years, 1 was forty-seven years old; practically, a young adult 
series. Of this series of 47 cases, 10 were treated by operation and the 
remainder by the expectant method. These cases are not mentioned in 
this connection to compare methods of treatment, but to determine the 
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condition of the knee a long time after the injury. As a matter of fact, in 
this series there appeared no greater freedom from the symptoms com- 
plained of among the cases operated on than among those unoperated. 
The results, as carefully recorded in these 47 cases, suggest some of the 
difficulties that patients experience after fracture of the patella. The 
detailed reports of these cases, from one and one-half to ten and one-half 
years after treatment ceased, show that about 20 have as good a leg as 
before the accident. 

The remaining 27 cases complain of limitation of motion at the knee 
joint, that the knee creaks in walking, that it feels stiff, aches and: burns 
at times. The leg is said to be weak, and is troublesome in going up and 
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Fig. 1348.—Note the sutures carried through the fasciae torn about knee in fracture of 
patella, None of the sutures enter the knee joint. This method of suture is efficient in approxi- 


mating most fractured patellae. 


down stairs—stepping up is especially difficult; kneeling is painful; stepping 
upon irregular surfaces is painful; running with the same freedom as before 
the accident is impossible; the knee often gives way in walking and causes 
a fall; the patient cannot jump as before the accident, and walks with a 
slight limp. Pain is present in or about the knee in damp weather and 
after unusual exertion. This first series represents the results of treatment 
before early active movement was used. The complaints of the slightly 
handicapped have been very explicitly set down. 

In a second series of cases of fracture of the patella treated at the 
Massachusetts General Hospital the end-results have been studied by 
Quimby and are suggestive. Thirty cases were examined. Of these 30 
cases, 24 were sutured and but 6 treated expectantly. Serviceable knees 
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were obtained in 84.5 per cent of the sutured cases and in 66.5 per cent 
of the unsutured cases. Although these groups of cases are small, yet the 
general impressions derived from a study of the individual cases are ex- 
tremely suggestive, viz., (a) certain annoying difficulties persist after 





Fig. 1349.—Fracture of patella. Note insertion of sutures so as to avoid joint cavity and yet 
so as to snug the fragments together when sutures are drawn taut. (After Blake.) 


treatment by either method, and (b) the operative method is to be pre- 
ferred in selected cases. 

I believe that the results in this Quimby series is nearer to what may 
ordinarily be expected. However, 100 per cent function and solid bony 








Fig. 1350.—Fracture of patella. Note sutures placed and tied. The skin incision remains to be 
closed. (After Blake.) 


union will be secured in most carefully operated cases today. This is the 
result to be ideally sought when conditions permit. 

Operative Interference in Recent Closed Fractures of the Patella. 
General Considerations—In deciding whether a given case should be 
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treated by operation or not, the following considerations should be care- 
fully weighed: A closed fracture of the patella does not in itself endanger 
life. It may be treated by the conservative method without added risk. 
If properly treated the result will often be satisfactory as far as the func- 
tional usefulness of the knee is concerned. The operative method consumes 
less time in convalescence and an excellent result is achieved, but operation 
exposes to the danger of sepsis. If deep sepsis results, the following condi- 
tions are imminent: A stiff knee, amputation of the thigh, and possibly 
death from septic infection. Whether operation shall be done or nag, 
therefore, depends upon the degree of safety with which it can be per- 
formed. It is the surest method of securing perfect apposition and bony 
union. It should be undertaken only by surgeons of exceptional judgment 
and great skill, who have at command skilled assistants, and who can 





Fig. 1351.—Freshly fractured right patella sutured with chromicized catgut. Result after eight 
weeks. Note flexion of leg to a right angle, line of incision. (Warren.) 


work under the most rigid aseptic conditions. The acute symptoms should 
be allowed to subside before operation. The tissues require time to recover 
from the acute trauma. hens 

The operative treatment should be confined to healthy individuals 
under sixty years of age; to fractures with a distinct separation of the bony 
fragments and extensive lateral fascial tears (the fascial tears may be 
recognized by joint distention, localized bulging, and the extent of the 
separation of the fragments); to cases presenting great joint distention 
that does not disappear quickly. It should be seriously considered if the 
individual’s occupation is arduous and necessitates much standing or walk- 
ing. The patient should be informed as to the probable outcome by the 
two methods of treatment. The danger to life and limb should be fairly 
stated. It should be remembered that the power of extension of the leg 
is not materially limited by a transverse fracture of the patella in which 
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Fig. 1352.—Fracture of the lower third of the patella, treated by absorbable suture. Note bony 
union, also slight irregularity of joint surface of patella. Result functionally satisfactory. 





Fig. 1353.—Showing gravity free active motion on the fourth day after operation for frac- 
ture of patella. Weight of limb supported, so that active motion is limited to the joint move- 
ments only. Gentle passive assistance to active movement of this joint is given. Note skilled 
masseuse on this job. (Hawley’s case.) 
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the tearing of the lateral fascia is absent. Only in direct proportion to the 
extent of the lateral fascial tear is there limitation of the power of extend- 





4 


Fig. 1354.—Showing active motion on eighth day. At no time is the effort made to force 
the range of motion. Patient cautioned to keep within the easy voluntary limitations. Flexion 
in the upright position carried out at first with the foot parallel to opposite leg, until motor 
power sufficient to copy high-stepping knee action of the horse. (Hawley’s patient.) 





Fig. 1355.—Showing motion at end of fourth week. In this case apparently full functional 
recovery in four weeks, and man of his own accord returned to factory work. (Hawley’s pa- 


tient.) 


ing the leg upon the thigh. In open fractures, in refracture, and in cases 
of impaired function from long fibrous union or from adhesions of the 
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Fig. 1356.—Fracture by Fig. 1357.—a-Ray seven Fig. 1358.—2-Ray seven 


indirect violence. a-Ray days after operation. Knee days after operation. Knee 
immediately after the injury. extended. (Hawley’s case.) flexed. (Hawley’s case.) 


(Hawley’s case.) 





Fig. 1359.—F ive months after operation. Showing knee extended and flexed. Slight irregularity 
of posterior surface of patella not interfering with motion. (Hawley’s case.) 


Fig. 1360.—Old fracture of the right patella. Note the retracted position of the upper fragment 
of the right patella. 


patella or from badly united patellae mechanically impeding the move- 
ments of the joint, operation is almost always indicated. The working- 
man who wants to get to work should, under the conditions previously 
stated, have his patella sutured, for he will go to work quicker and have a 
better knee joint than by any other method of treatment. 


CHAPTER XXXVIII 


FRACTURES OF THE LEG 


Anatomy.—The following structures may be palpated: The internal 
and external tuberosities of the tibia, the whole of the external tuberosity 
being subcutaneous; the broad anterior and inner surface of the tibia, which 
forms the shin, downward to the internal malleolus; the sharp crest of the 
tibia throughout its whole length; the head of the fibula 1 inch below the 
top of the tibia; a little of the shaft of the fibula below the head and the 





Fig. 1361.—Middle of the patella, tubercle of the tibia, and midpoint between the malleoli all lie 
in the same straight line as the leg rests naturally, 


attachment of the biceps tendon; the lower third of the fibula which is 
subcutaneous. The tubercle of the tibia is distinctly felt on the anterior 
surface of the upper end of the tibia. It is 1 inch from the articular sur- 
face, and marks the lowest limit of the upper epiphysis of the tibia. Into 
it is inserted the patellar tendon. The shaft of the tibia arches slightly 
forward. The shaft of the fibula arches slightly backward. The broad 
inner malleolus is higher than the outer malleolus, and more to the front of 
the leg. The outer malleolus is narrow. The posterior edges of the two 
61 961 


962 FRACTURES OF THE LEG 


malleoli are in about the same plane. The anterior edge of the external 
malleolus is about 1 inch behind the anterior edge of the internal malleolus. 
The narrowest part and the weakest place in the tibia is at the junction 
of the lower and middle thirds of the bone. In the normal leg the middle 
of the patella, the tendon of the patella, and the midpoint of the ankle 
are in the same straight line (Fig. 1361). 

General Observations.—Fractures of the tibia and fibula may occur 
at any point, depending upon the seat and direction of the fracturing force. 
If the force is indirect, the fracture of the two bones will be at different 
levels. If the fracture is high up, the knee joint may be involved or the 
popliteal vessels and peroneal nerve may be implicated. If the fracture is 
low down, the ankle joint may be involved. The high fracture of the tibia 
is usually transverse. The low fracture of the tibia is usually oblique. The 
common seat of fracture is at about the junction of the middle and lower 
thirds of the leg. The line of the fracture is an oblique one, extending from 
above and behind downward and forward through the tibia. The fibula 
is fractured a little higher than the tibia. If the force is considerable and 
the sharpness of the fragments great, the overlying skin may be lacerated, 
an open or infected fracture resulting from within out (Fig. 1420). The 
upper and lower epiphyses of the tibia may be separated; these are, how- 
ever, rare injuries. The tibia and fibula may be fractured separately. In 
such cases the unbroken bone serves as a splint for the fractured one. The 
displacement in these latter fractures is slight. 

Fractures by Torsion.—In the long bones the effects of torsion are seen 
in the shafts of the humerus, femur, and tibia. Torsional force may act on 
a bone in two ways. 

Consider the leg for instance: The body and leg are fixed; the foot is 
everted or twisted outward, the twisting force is applied at the periphery; 
the foot is fixed; the body is twisted, the torsional force is applied at the 
proximal part. 

Mechanically the effect on the tibia is to produce a spiral fracture of 
the shaft. Whether the fibula is broken will depend on its elasticity. 
Similarly, a spiral fracture may be located in the shaft of the humerus or 
the femur. 

The most common seats of spiral fracture are, in the order of fre- 
quency, the tibia, the femur, and the humerus. Most oblique fractures are 
spiral—spiral fractures are common. Added to the force of torsion is the 
thrust of gravity (weight of the body) and the bending associated with 
the loss of bony support. 

Usually the spirals in the young bone are longer than in the adult bone, 
becoming almost longitudinal fractures. The pointed ends of the two long 
fragments of a spiral are on the same side of the bone and on the tibia, 
usually posterior. Rixford has directed attention especially to this frac- 
ture. 

The practical importance of these torsion fractures lies in the following 
facts: 

1. The results of treating spiral fractures are unsatisfactory because 
they are spiral. 

2. Nonunion is frequent in spiral fractures of the tibia. 
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3. Irregularity of the bone following union and a symptom-producing 
external rotatory deformity follows in most cases. 

4. There is also seen an abduction of the lower leg on the upper femur 
which increases the tendency to a pronated foot. 

5. The sharp points and knifelike edges of spiral fracture fragments 
may lacerate muscles, nerves, blood vessels, penetrate intermuscular septa, - 
and adjacent or overlying skin, making the fracture an open one. 

6. If there is any displacement in these fractures unrelieved, unreduced, 
especially a rotatory displacement, there is a very considerable deformity 
clinically. 

7. The short periosteal bridge between fragments prevents the correc- 
tion of the external rotation. 

8. A dead space almost always exists in the spiral fracture, lined on one 
side by connective tissue, shreds of periosteum (outer surface of the perios- 
teum), which may grow into it more rapidly than bone tissue may form, 
and hence tend toward nonunion (compare soft tissues between patellar 
fragments) . 

Consequently, torsion fractures are deserving special attention on the 
part of the surgeon from the point of view of treatment. It is a common 
fracture. It occurs in the tibia most usually. It is difficult to replace. 
Accurate reposition is desirable. If not accurately replaced, late defor- 
mities and difficulties due to lack of alignment will arise and the fracture is 
likely to be an open one. The nutrient tibial artery may be ruptured, 
adhesions of muscle and tendons to the bone may take place. Circulatory 
disturbances causing edema of the ankle and leg may appear. Delayed 
union, fibrous union, or even nonunion may result. 

Because of the above possibilities it behooves the surgeon to recognize 
this fracture wherever it occurs, in tibia, in femur, or in humerus, and, 
having recognized it, to treat it effectively at once. 

The direct operative treatment will probably yield the best and most 
satisfactory functional results. The reason for operating will be that 
ordinarily simple traction will not correct the fracture, neither will torsion 
nor eversion or inversion of the distal fragment, nor will lateral pressure 
alone. It is in a combination of these three forces that success in replace- 
ment lies. I believe that direct treatment is the simplest and most efficient. 

It is a fracture in which contentment with simple satisfactory longi- 
tudinal alignment does not seem to be wise. 

It should be possible in most oblique fractures to determine before 
treatment is begun whether the chances for union without deformity are 
better with or without an open operation. 
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The beak-shaped process of the tibia probably has its own bony nucleus 
appearing at eleven years. This nucleus merges at fifteen years with the 
upper tibial epiphysis. 

It is not very unusual in young athletic adults to find a starting of the 
upper epiphysis of the tibia as illustrated in Fig. 1362. It has been demon- 
strated recently that many apparently trivial injuries, such as violent 
contraction of the quadriceps extensor muscle, a blow to the region of the 
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tubercle of the tibia, result in partial separations, with or without some 
displacement of the tongue-shaped portion of the upper epiphysis of the 
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tibia, or actual separation of an independent bony center for the tubercle 
of the tibia. The trauma necessary to produce this lesion may, therefore, 
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be either direct or indirect. In youth, before sixteen years of age, injury 
to this part results in a starting of this epiphysis, while injury in adult life 
is more likely to cause a fracture of the tonguelike portion of the epiphysis. 
Clinically, slight swelling and tenderness in the region of the tibial tubercle 
and pain upon extension are the chief signs. The term “starting of the 
epiphysis” is used advisedly. There may occur a literal starting or begin- 
ning separation of the epiphysis which will show in the roentgen ray as a 
slightly wider spacing of the epiphysis from the diaphysis. The symptom 
of tenderness points in such cases to the exact line of the epiphysis. 

If the local symptoms following an injury to the tibial tubercle do not 
disappear under appropriate treatment, or if the difficulty goes untreated, 
the condition may be thought to be a tumor of some kind, a bursitis, local- 
ized tuberculosis, an epiphysitis, or a traumatic periostitis. 

Osgood believes that at the time of the injury there is felt acute pain 
in the knee referred to below the patella. There is often slight swelling, 
either general or pretty definitely localized over the region of the tubercle. 
There is distinct tenderness at this point. The ability to use the leg is 
only slightly diminished, and the acute pain is soon replaced by a feeling 
of weakness on strong exertion. Sharp pain is present on violent exten- 
sion or extreme flexion of the leg, and the patient usually consults the 
surgeon because of this pain, the annoying weakness, and the continued 
localized swelling or tenderness. 

The condition presents no complete loss of function, but a severe handi- 
cap to the active, athletic life which this class of patients wishes to lead. 

Complete or partial immobilization of the knee joint upon the injured 
side for a longer or shorter time will ordinarily suffice to effect a cure of 
the difficulty. If protective methods fail after fair trial, operative pegging 
or removal of the fragments is to be considered. The outlook for these 
cases in general is excellent. Recovery usually follows promptly after 
appropriate treatment is instituted. 

Jones has suggested a linear incision with a.narrow chisel into the 
tubercle in the longitudinal axis in order to stimulate the reparative 
process which will assist in a cure of a thickened and tender tubercle. 

An avulsion fracture of the tibial attachments of the crucial ligaments 
occurs. Ordinarily this is not reduced and the stabilization of the knee is 
insecure. H. G. Lee has devised and used successfully a method by oper- 
ative approach to the fracture which has resulted in useful knees.! 

Fracture of the Tibial Spine—This fracture occurs most often as a 
complication of dislocation of the knee or of a fracture of the tuberosity of 
the tibia, the lateral mass of the tibia. 

It occurs as an uncomplicated fracture and should be so recognized.? 

Anatomy. —The knee joint is superficial. Its strength is bony, ligamen- 
tous, fascial, and muscular. 

The bones entering the joint are large. The anterior and posterior 
crucial ligaments are attached in front of and behind the tibial spine. The 
fascia lata strengthens the joint laterally, and the tendon of the quadriceps 
steadies the joint anteriorly. 


1 Journal of Bone and Joint Surgery, Vol. XIX, April, 1937. 
2 Frank E. Blaisdell, Sr.: Arch. Surg., 5: 561, 1922. 
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The ligamentous structures about the knee joimt are very strong. Ex- 
tension of the knee is limited by the crucial ligaments, flexion is limited by 
the ligamentum patellae and the anterior part of the capsule together with 
the crucial ligaments. 

Rotation of the knee is possible only when the knee is flexed. When 
the knee is flexed it is in a very vulnerable position. A 

The factors rendering the tibial spine of the knee joint liable to injury 
are numerous and variable. The protecting agencies of the knee may be 
so disarranged or thrown off their guard that a very slight force may cause 
a fracture of the spine of the tibia. 

A strain is a stretching of the soft parts with a minimum damage. It 
is not macroscopically recognizable. 

A sprain is a rupture of soft parts (ligaments, fasciae) recognizable by 
ecchymosis, loss of function, and pain. 

A sprain fracture is recognizable in its mild form by roentgen-ray ex- 
amination only. 

Injury to the knee will result in a rupture of the crucial ligament or 
ligaments, a fracture of the tibial spine, or even a fracture of the femoral 
condyle (Blaisdell’s “crucial triad”) . 

When the tibia cannot be displaced forward in the extended position, 
it may be assumed that the anterior crucial ligament is not ruptured. If 
the tibia cannot be displaced backward when the knee is in full flexion the 
posterior crucial ligament is intact (Robert Jones) . 

Injuries to the knee which appear trivial may be accompanied occasion- 
ally by the crucial triad lesions. 

Sprain fracture of the knee joint may be present without signs other 
than the roentgen-ray evidence. 

Blows on the front of the thigh above the knee and on the posterior 
surface of the leg over the tibial head and forcible external and internal 
rotation or twisting of the leg—all of these forms of force are competent 
to produce the “crucial, triad” of lesions which includes a fracture of the 
tibial spine. 

In no fracture perhaps is the disturbance of the balance of the various 
factors entering the protective mechanism of the joint so difficult of meas- 
urement as in this fracture of the spine of the tibia. 

Treatment will be adapted to associated injuries about the knee. 

By manipulating the knee in flexion and rotating the leg from one side 
to the other and then extending it with pressure over the patellar fat pad 
to dislodge the separated portion of the spine and thus secure complete 
extension of the knee (Conwell and Key). Rest, freedom from weight- 
bearing for a limited time, with gradual reestablishment of movement of 
the knee and locomotion, will be desirable. 

Examination of a Fractured Leg.—It is sometimes extremely difficult 
to detect a fracture of the leg. It is, therefore, important that a systematic 
examination should be made immediately after the injury. An open frac- 
ture will be evident if a wound exists in the skin near the seat of fracture. 
Deformity will ordinarily be apparent upon inspection (Fig. 1365). 

A roentgen-ray examination in the anteroposterior and the lateral 
planes should be made as soon after the injury as possible. 

Gentle manipulation will suffice to satisfy one of the existence of a 


EXAMINATION OF A FRACTURED LEG 967 


fracture, particularly if both bones are broken. In taking hold of the leg 
for examination or for moving the leg it should not be grasped lightly by 
a few fingers, but by the whole hand, firmly, as one grasps an ax handle 
in chopping wood; not as one lifts a lead pencil from the table. The leg 
should be so raised in making the examination that there is absolutely no 
risk of converting the closed fracture into an open one. In order to guard 
against this the assistant should grasp the foot at the ankle and make 
gentle but strong traction in the long axis of the leg as the whole leg is 
raised. This care in examination will cause the patient a minimum amount 
of pain. 

Crepitus is not the only thing that is to be sought at the examination. 
The freedom of any abnormal mobility should be noticed, as well as the 
direction of the motion, the ease with which reduction is possible, and the 
liability to recurrence of the deformity. 

While an assistant steadies the knee joint the surgeon, grasping the 
lower part of the leg, attempts motion in each direction. Simply raising 
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Fig. 1363.—Method of measuring the length of the tibia from the internal tuberosity to the in- 
ternal malleolus. 


the leg and attempting motion in an anteroposterior direction is not suf- 
ficient; a fracture of the tibia, if transverse, might remain completely 
locked except upon lateral movement. The bones should be palpated. 

A definite point and line of local tenderness upon even deep palpation 
over the subcutaneous surfaces of the tibia and fibula will be indicative of 
a linear fracture. 

The tibia should be measured (Fig. 1363) from the knee joint line, at 
the upper border of the internal tuberosity, to the lower edge of the in- 
ternal malleolus to determine shortening. Shortening of the leg may be 
roughly estimated after union of the bones by comparing the height of the 
two knees while the soles of the feet rest upon the floor (Fig. 1364). The 
measurement should be compared with that of the uninjured tibia. - It is 
often difficult in fractures near the ankle to palpate the internal malleolus 
on account of swelling. Deep pressure with the thumb will detect it. In- 
quiry should be made as to whether either tibia has ever been fractured 
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previously. The pulse should be felt for in the posterior tibial and dor- 

salis pedis arteries to be sure that the large vessels of the leg are intact. 
Symptoms.—Ordinarily, the presence of pain, deformity, abnormal mo- 

bility, crepitus, local tenderness, and loss of use of the leg will be the evi- 
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Fig. 1364.—Fracture of both bones of the left leg. Comparative height of knees to show shorten- 
ing of leg. The patient is sitting with knees flexed to a right angle. (After Van Lennep.) 


dences of fracture. If the fracture is of the tibia or fibula alone, and trans- 
verse without much displacement, localized tenderness upon pressure and 
swelling will be the only signs. The sign of local point pressure tenderness 
in any fracture may be an important sign. If this sign is present unmis- 


Patella 


Fig. 1365.—Fresh fracture of the leg (both bones). Characteristic deformity. Note normal 
position of patella, with the foot lying on its outer side. Prominence of upper fragment. 


takably it will be unnecessary to find other signs to make the diagnosis of 
fracture. It is important to remember the normal backward bowing of 
the fibula in attempting to localize by palpation the tender point of the 
fracture of that bone. 
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The deformity is due to the displacement of the upper fragment forward 
and of the lower fragment upward and backward. If the fracture is ob- 
lique, this displacement will be considerable. The lower fragment is often 
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Fig. 1366.—Fracture of the tibia, oblique Fig. 1367.—Fracture of the external tu- 
and high up. Hardly any displacement. (Mas-  berosity of the tibia. (Massachusetts General 
sachusetts General Hospital, 1235. 2-Ray Hospital, 1242. 2-Ray tracing.) 
tracing.) 











Fig. 1368.—Longitudinal fissuring of tibia Fig. 1369.—Longitudinal _fissuring _ of 
from blasting accident. Front view. (x-Ray tibia from blasting accident. Lateral view. 
tracing.) 


Same as Fig. 1368. (x-Ray tracing.) 


rotated upon its longitudinal axis, so that the foot rests upon its side, 
while the upper fragment remains undisturbed by rotation, the patella look- 
ing directly upward (Fig. 1365). 
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The amount of swelling of the leg will vary. It may be extremely slight 
and limited to the seat of the fracture or it may extend over the entire 
leg. The maximum swelling of the leg is usually reached three or four days 
after the accident. If the fracture was caused by direct violence and the 
fragments of bone are sharp, the soft parts will be damaged and the result- 
ing hemorrhage and swelling will be very considerable. 











Fig. 1370.—High fracture of both bones of the Fig. 1371.—High fracture of tibia and fibula, 
leg. anteroposterior view. (Fig. 1372.) 


Ecchymosis of the skin appears in from twenty-four to forty-eight hours 
after the accident; it may extend over the whole leg. Ecchymosis from a 
sprain is localized more or less about the seat of the sprain; that from a 
fracture is often extensive. Blebs or vesicles may appear near the fracture 
during the first week if the swelling is great. It is necessary to exercise 
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Fig. 1372.—Same as Fig. 1371, lateral view. 


great caution in the care of these blebs, that they do not become infected. 
An infected bleb may involve so large a surface and extend to the thigh 
deeply, invading so many planes of muscle, eventually causing an infection 
of the knee joint, that the life of the individual may be concerned and 
amputation result, perhaps, in a vain attempt to save the patient’s life. 
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Fracture of the shaft of the fibula alone may be very obscure. Pressure 
upon the fibula toward the tibia will elicit pain and crepitus if there is a 
fracture in the shaft protected by muscle masses. Pressure upon the fibula 
directly wherever it is subcutaneous will elicit tenderness if there is a frac- 
ture at the point palpated. In separation of the lower epiphysis of the 
tibia the preservation of the normal relations between the malleoli is of 
considerable diagnostic importance. 

Caldwell of New York stresses certain facts of importance.t Fractures 
of the condyles of the tibia occur as of the medial, lateral and both con- 
dyles. All “sprains” of the knee should be x-rayed—a fracture may be 
found. Stereoscopic and two oblique views should be taken as well as 
anteroposterior and lateral. The prognosis in these cases following con- 
servative treatment is satisfactory. The chief difficulty hard to avoid is 
an arthritis in aged people and especially in those with an existing arthritis. 
The treatment of these cases varies. 

In depressed fracture of the lateral condyle traction and a forced varus 
position uses the intact ligament to bring the fragment into position. The 
“nutcracker” device bringing lateral and oblique pressure upon parts pro- 
tected by adequate felt padding will often correct the displacement. Any 
piece of timber 1 by 3 inches and 5 feet long may be lashed at one end to 
make the device. Active movement early is disastrous. Healing proceeds 
best under absolute rest. There may be considerable depression of a 
lateral mass and yet slight disability resulting. 

Principles Underlying the Treatment of Fractures of the Tibia and 
Fibula.—In no other part of the body is a long bone limited by joints 
having only hingelike motion. The knee and ankle joints flex and extend 
essentially in the same anteroposterior plane. Consequently, any deviation 
from the normal anatomic relationship is very important. The demand for 
an exact anatomic reposition of fragments is imperative. Painless and un- 
troubled weight-bearing is dependent on the normal ankle mortise. The 
tibio-astragaloid joint should receive the weight thrust in normal lines. 

A plane which bisects the long axis of the tibia should normally bisect 
the astragalus (Skinner). 

Angulation of the tibial shaft will, therefore, interfere with weight- 
bearing. 

In treating fractures of the shafts of the tibia and fibula, therefore, the 
securing of a perfect alignment of fragments should be the fundamental 
principle. 

Exact length of the leg is desirable, but not absolutely essential. Per- 
fect function of the leg is most likely if a perfect anatomic reposition is 
secured at as early a date as possible. 

Rotation of either fragment upon its long axis is to be avoided; the foot 
is to be kept extended to a right angle with the leg; lateral deviation of 
fragments must not be tolerated; the inner side of the great toe, the middle 
of the patella, and the anterior superior spine of the ilium should be in one 
straight line; anteroposterior bending with the convexity backward is to be 
prevented (Figs. 1395, 1396). Roentgen-ray records of the fracture should 
be had often enough to keep the surgeon informed as to the exact position 
of the fragments. 

1 Caldwell, Surg., Gynec., and Obst., Oct., 1936, Vol. 63, 518-522. 
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THE OPERATIVE VERSUS THE NONOPERATIVE TREATMENT OF FRACTURES 
OF THE LEG 


It must be constantly borne in mind that in order to secure a normal leg 
functionally an exact alignment is necessary and as nearly normal length 
as is possible. 

Most simple closed fractures will be satisfactorily treated by the closed 
method. If after seven days’ trial the closed method is ineffective, opera- 
tion should be done. Fractures due to severe abduction or adduction occur 
with characteristic displacement of the fractured lateral mass of the tibia. 
These fracture lines may enter the knee joint. The semilunar cartilages 
may be involved. It is important to attempt to correct this displacement. 
If the line of fracture enters the knee joint skeletal traction in the tibia 
may correct the displacement. If not, the method of Cotton (Figs. 1373— 
1380) will prove efficient. Hemarthrosis or effusion into the knee joint 
requires aspiration before reduction is attempted by any noncutting pro- 
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Fig. 1373.—Reduction accomplished by forcing leg into “varus” (bowleg) correction, there 
driving the fragments into place with a hammer. (F. J. Cotton.) 


In fractures of the tibia entering the knee joint displacement of articu- 
lar fragments should be directly replaced and fixed. 

In fractures of the tibia entering the ankle joint displacement of articu- 
lar fragments not accurately replaceable by position should be directly 
replaced and fixed by operation. 

In certain oblique spiral shaft fractures of the middle and lower thirds 
in which it is established that great difficulty attends traction, reposition 
should be immediately done by operation. 

In almost all instances in which a primary operative reduction is to be 
done a preparatory delay of seven days is desirable. 

In certain open or compound fractures of the leg direct immobilization 
of the fracture is indicated and desirable when the wound is sterile. 
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Nonoperative Treatment.—For purposes of discussing treatment, frac- 
tures of the leg are arranged into several groups, viz.: 
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Figs. 1374, 1375.—A rubber hammer, serviceable, by Dr. George Towle, Arlington. Any 
hammer, with felt protection, is all right; most of the cases have been reduced with commonplace 
hammers. (F. J. Cotton.) 
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Fig. 1376.—Plaster in forced “varus” correction. One instant’s slip out of varus after correction 
ruins the whole job. (I’. J. Cotton.) 


1. Fractures with little or no swelling or displacement. 

2. Fractures with considerable swelling. 

3. Fractures with a displacement of fragments difficult to hold cor- 
rected. 

4. Open fractures. 
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The indications to be met by treatment in each of these groups are: 
care of the soft parts, including the open wound, correction of the defor- 
mity, immobilization of the fragments, and restoration of the limb to its 
normal condition. Fractures of the tibia and fibula at about the middle 
require a long time of absolute immobilization for solid union, sometimes 
three to five months. 

Simple Fractures with Little or No Displacement or Swelling—On 
admission to the hospital or home the leg should be temporarily supported 


Fig. 1377. 





Fig. 1378. - Fig. 1379. 


in a pillow splint. An immediate roentgen ray should be had. Fractures 
of the tibia alone or the fibula alone are properly placed in this group. 
Fractures of both bones occasionally occur with little or no displacement 
and with but a trifling amount of swelling. In these cases the leg should 
be elevated for ten minutes in order to lessen the swelling. The foot, leg, 
and lower thigh are then bathed with soap and water, and thoroughly 
dried and powdered. It will be wise to shave the leg. 
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Fig. 1380. 








Fig. 1381. 











Fig. 1383. Fig. 1384. 
Figs. 1381-1384.—Fracture of the fibula. Types of fracture. 
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Infection may arise from neglect in caring for the whole skin surface of 
the damaged part. Unsuspected abrasions will be disclosed which might 
be the openings for infection. The leg being properly protected, a light 
plaster of Paris roller bandage is applied from the toes to the middle of 








Fig. 1385.—Transverse fracture of both bones of the leg close above the ankle joint. Displace- 
ment of the foot outward. 


the thigh. (See Details of Plaster Work.) The leg is to be kept elevated 
for the first week by at least two or three pillows. If good judgment is 
exercised in the subsequent care of the case, the placing of such a fracture, 
as previously indicated, immediately in a plaster of Paris splint is attended 
by no risk. The danger lies in too great pressure upon the circulation 





Astragalus : 
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Fig. 1386.—Type of fracture near ankle joint. 


caused by the increasing swelling of the leg within the unyielding plaster 
splint. Pressure sores and gangrene are liable to result. In applying the 
splint a liberal amount of sheet wadding should be used. The condition 
of the circulation should be noted immediately after the application of the 
splint and at regular intervals thereafter until all danger from undue pres- 
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sure has ceased. Evidences of too great pressure are persistent or increased 
swelling of the toes, blueness of the toes, and pain. 

The Cutting of the Plaster Splint—It is well always to split the plaster 
the entire length of the splint before it has quite hardened. The cutting 
of the plaster should be done in one of three ways, according to the line of 
fracture and probable direction of its displacement. 

The cutting of the plaster is done in a median line, anteriorly and pos- 
teriorly, thus providing two lateral plaster splints. 

The cutting of the plaster is done in two lateral lines (the usual 
method), thus providing an upper anterior and a lower posterior splint. 
The cutting of the plaster may be done in the anterior line only, allowing 
of separation of the cut edges, thus relieving increasing pressure in the 
circulation of the legs. 

This method of immobilizing simple fractures without displacement is 
easier and simpler than by the use of Stimson’s method for the general 
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practitioner who is unskilled in special methods. Stimson’s method is 
equally applicable to the above conditions. 

The splint loses by this procedure none of its immobilizing qualities, for 
it can be bandaged or strapped tightly together again. Too great pressure 
upon the circulation can then be immediately relieved by loosening the 
retaining straps or bandage and thus opening the splint. After the splint 
has been on the leg for about one and one-half or two weeks, the swelling 
having begun to subside, the plaster splint will become loose and will cease 
to hold the fragments firmly. Unless a new and snug splint is now applied, 
it will be necessary to cut out a strip of plaster 1 inch or more wide from 
the old splint to admit of tightening. During the changing of the plaster 
splint the leg should be steadied by an assistant while it is thoroughly 
washed with soap and water and bathed with alcohol. 

Fractures with Considerable Immediate Swelling—Many fractures are 
not seen by the surgeon until two or three hours after they have occurred, 
when considerable swelling is present. Associated with such primary 
swelling there may be laceration of the soft parts and possible extensive 
injury to the bone. Blebs filled with clear or bloody serum may be present 
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about the seat of fracture. These should be evacuated after the part has 
been rendered surgically clean by washing with soap and water and 70 per 
cent alcohol, and then dressed with a dry antiseptic powder, powdered 
dermatol, aristol, or boric acid powder. Infection may take place through 
blebs. Very great care should be exercised in their treatment. Obviously, 
it is unwise immediately to apply a plaster of Paris splint to cases in which 
there are many blebs and much swelling. 

The swelling of the leg may become so great that the life of the limb 
may be at stake, the danger from impending gangrene becoming imminent. 
In such cases the skin of the leg becomes tense and shiny, the leg feels 
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Fig. 1389.—Fracture of both bones of the Fig. 1390.—Transverse fracture of the 
leg from bullet wound. Characteristic com- tibia, high. Direct violence. Great swelling 


minution of the bones. Bullet not removed. of leg. Threatening gangrene. Free in- 

Recovery with a useful leg. (#-Ray tracing.) cisions. Leg saved. Result good. Same case 

(Warren.) as Fig. 1391. (Massachusetts General Hos- 
pital, 1074. a-Ray tracing.) (Scudder.) 


hard and boardlike, pain may be extreme, and the toes and foot become 
slightly blue. The hemorrhage, being confined beneath the fascia and skin, 
causes pressure upon the circulation. The circulation in the leg is thus 
impeded. Under such circumstances operation is necessary in order to re- 
lieve tension and to check hemorrhage. Incisions in the long axis of the 
limb through skin and fascia will be followed by a rapid decrease in the 
swelling of the leg and a cessation of the pain. After incision small bleed- 
ing vessels should be ligated. If these wounds remain aseptic, they may be 
closed after a few days by suture or may be allowed to heal openly. This 
method of treatment will usually result in saving the leg (Figs. 1390, 
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1391). If the circulation does not return and gangrene is imminent, imme- 
diate amputation of the limb well above the fracture at the lower or middle 
third of the thigh is the best procedure. Traumatic gangrene is often 
rapidly followed by general septic infection. It is best to use a temporary 
splint in cases in which there is great initial swelling of the leg. 





Fig. 1391.—Closed fracture of the left tibia. Hematoma. Impairment of the circulation. Free 
incisions. Evacuation of blood. Relief of pressure. Leg saved. Recovery. (Scudder.) 


Immediate Reduction of the Fracture —It is important to know that 
the policy of waiting for the ordinary swelling to appear and subside after 
a fracture of the leg and then to attempt reduction is absolutely unwise. 
The earlier the fracture is reduced, the sooner after the accident the bone 
fragments are replaced as nearly as possible in their normal relations the 
better. 








Fig. 1392.—Fracture of the leg. Temporary or emergency dressing. Application of the pillow 
with straps. Open end of the pillowcase at the foot. 


It must not be forgotten that the swelling of the leg following a fracture 
will be in proportion to the time of reduction. If reduced at once the swell- 
ing will be at a minimum; if several days elapse before reduction the 
swelling will be greatest. 

Moreover, the ease with which reduction can be effected is far greater 
immediately after the injury than at any other time. Swelling prevents 
extension from being effective. Round-cell infiltration of fascial and con- 
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nective tissue planes renders the opposition to traction and countertraction 
very considerable. Muscular contraction and fascial resistance will be 
harder to overcome after the delay of a few hours or days. 

Therefore when practicable an attempt at reduction of the fracture of 
the leg should be made as soon as possible after the accident. 

The Temporary Dressing—The Pillow and Side Splints: The leg is 
placed on a pillow covered with a pillowcase; straps are placed under the 
pillow and drawn snugly up about the leg (Fig. 1392). The edges of the 





Fig. 1393.—Fracture of the leg. Pillow and side splints with straps and towels. Compare Fig. 
1394. 


pillow are rolled in against the leg for firmness. Narrowly folded towels 
are placed between the leg and the straps. The straps are then drawn 
tighter. The open end of the pillowcase is folded and pinned under the 
sole of the foot. Three pieces of splint wood are introduced between the 
pillow and straps—one is slipped underneath and one upon each side of 
the pillow. The pillow thus serves as a padding for the box formed by the 
splint wood (Fig. 1393). Ice-bags may be conveniently placed along the 
anterior surface of the leg between the edges of the pillow. They relieve 





Fig. 1394.—Fracture of the leg. Temporary or emergency dressing. Pillow, side splints, and 
straps. Pillow held by shield pins. 


pain and are said to check hemorrhage immediately after the fracture. 
If greater security is thought necessary, the pillowcase, instead of having 
its sides rolled in, may be pinned with shield pins up over the anterior 
surface of the leg (Fig. 1394). 

With the acceptance of the principle that the immediate reduction and 
immobilization of the fracture of the leg is far easier than a late reduction, 
the use of a temporary dressing is to be made only when the immediate re- 
position of fragments is unwise or impossible for various reasons. 
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There are certain fractures of the leg without displacement not requir- 
ing reposition which may very properly be placed in a Cabot posterior 
wire splint (Fig. 1397) and then be immediately suspended. 

This temporary dressing is left in place for a week or one and one-half 
weeks. The swelling will then have partly subsided. If at this time there 
is little or no swelling and the displacement is slight, a plaster of Paris 
splint may be applied as a permanent dressing. Hither the circular plaster 





Fig. 1395.—Natural position of leg and bones resting on a posterior splint. Note seats of fracture 
of tibia and fibula. No displacement indicated. 


may be used or the plaster splint known as Stimson’s. If the circular 
plaster splint is used it must invariably be cut. If, on the other hand, 
at the end of one or one and one-half weeks it is desired to have the 
fracture open to inspection and more directly accessible and under the 
eye of the surgeon, then the posterior wire and side splints should be 
applied. 

Fractures of the Leg with Marked Displacement of Fragments Difficult 
to Hold Reduced—Certain small closed oblique and spiral fractures of the 





Fig. 1396—Same as Fig. 1395. Note that lifting foot and distal fragments far forward 
causes a bowing of leg forward and gaping open posteriorly of the fracture. Cause of permanent 
deformity. 


shafts of the tibia and fibula if seen immediately after the accident may 
be reduced under a general] ether anesthesia by traction and manipulation 
and be held reduced by a plaster of Paris splint. This will be especially 
true if the manipulations are conducted with the aid of a fluoroscope. 

If it is found impossible to control the reduction with the fixed splint, 
skeletal traction by a pin through the os calcis and suspension of the leg 
in a Thomas splint may be employed. 
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Very comminuted shaft fractures will be aligned and the fragments 
snugged together by such traction. 

In certain cases with marked displacement it is evident that attempts 
at closed reduction will do more damage to the soft parts than will an 
operation. Moreover, the importance of securing a perfect alignment is 
so great that I believe operative reposition is indicated. 

Perhaps the most difficult of shaft fractures to replace and hold se- 
curely is a fracture of both bones in the lower third of the shaft (Fig. 
1407). If skeletal os calcis traction will not do it, a partial tenotomy of 
the tendo achillis will help. If unsuccessful, open reduction should be 
used. : 

In the use of skeletal traction in these lower third fractures slight 
changes in position will often effect reduction. A slight rotation of the 
lower fragment on its long axis, brought about by making traction on the 
pin through the os calcis a little off center one way or the other, will bring 
the broken surfaces of the oblique fracture into apposition. 

Slight lateral pressure exerted through a gauze band about the leg to 
one or the other upright of the Thomas suspending splint may be of 
assistance. 

In fractures in the upper third of the leg not entering the joint ordinary 
skin traction or skeletal os calcis traction with flexed knee and Thomas 
splint suspension will control the situation satisfactorily. Ordinarily, fol- 
lowing the use of a fixation plaster of Paris splint, either as a primary 
method of fixation or as a secondary step after the Thomas suspension 
and os calcis pin have been discarded, following the use of plaster of Paris, 
a walking caliper splint should be used. 


The Posterior Wire and Side Splints—The posterior wire or Cabot splint is made of iron 
wire the size round of an ordinary lead pencil (Fig. 1397). It is applied to the back of the 
foot, leg, and thigh, extending from just beyond the tips of the toes to above the middle of 
the thigh. It is narrow at the heel and broad enough above to permit the thigh to rest 
comfortably upon it. The foot piece is at right angles to the leg. 





Fig. 1397.—Padding the Cabot posterior wire splint. Applying sheet wadding. The shape and 
proportions of the Cabot splint are apparent. 


Having at hand the iron wire the size of an ordinary lead pencil, this splint can be 
quickly and easily made by means of a vise for holding the wire, and a wrench for grasping 
the wire while bending it. The two free ends of the wire of the splint may be held firmly 
together by having them overlap and binding them together with small-sized copper wire. 
These free ends may, of course, be held by solder. 

The Covering the Posterior Wire Splint: The wire is wound first with a roller of sheet 
wadding, then with a cotton roller, and finally a cotton roller bandage is wound about both 
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Fig. 1398.—Padding the Cabot posterior Fig. 1399.—End view of Sinclair ‘‘skate”’ 
wire splint: (1) With sheet wadding (Fig. showing possibility of maintaining outward 
1397), (2) with a cotton roller around the wire, __ rotation of the foot. (Christopher.) 
and (3) around both wires, to form a back to 
the splint. 





Fig. 1400.—Sinclair “skate.” Lateral view of skate and pulley. Illustrating method of 
securing amount of dorsal flexion of the foot by adjusting the transverse bar farther up or down 
the skate. Showing a method of attaching the pulley. (Christopher.) 
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sides of the splint so as to make a posterior surface upon which the leg may rest (Figs. 
1397, 1398, 1402). 

The side splints of wood (Fig. 1403) should be about 4 inches wide, and long enough 
to extend from the foot piece to the top of the splint. The splints may be covered with sheet 
wadding and cotton cloth, as seen in the figure. 

Care of the Heel: If but slight pressure is maintained upon the heel even for a few days, 
a pressure sore will develop. This is liable to increase to a considerable size. It is very slow 





Fig. 1401.— Method of application of Sinclair skate to obtain traction in certain fractures of the 
lower leg. 


in healing. Many weeks after the fracture of the leg has united the pressure sore may be 
open. It is, therefore, of very great importance to prevent pressure upon the heel during the 
treatment of fractures of the lower extremity associated with dorsal decubitus. There are 
four methods of avoiding pressure on the heel. Position will assist materially. The position 
of the foot largely determines the amount of pressure falling on the heel. When the foot rests 
naturally, it is in the position of slight plantar flexion. The heel presses firmly upon the 
splint (Fig. 1404). A large part of the weight of the leg thus falls upon the heel. When 





Fig. 1402.—The Cabot posterior wire splint padded completely. Note the foot pad of pasteboard 
covered by cotton cloth pinned to the foot piece of the splint for greater security. 


the foot is extended to a right angle with the leg, the pressure upon the heel is, in a large 
measure, removed (Fig. 1405). Therefore, in putting up fractures of the leg the right-angle 
position is the desirable one. Padding above heel is of service. The ring or doughnut pad 
around the heel is sometimes efficient. Slinging the foot by adhesive straps applied to the 
sides of the heel and foot and fastened to the foot piece of the splint is a very satisfactory 
method of removing pressure from the point of the heel (Fig. 1406). 

The Padding of the Posterior Wire Splint for the Reception of the Lower Extremity: 
Regard should be had for the natural curves of the leg and thigh posteriorly (Fig. 1405). 
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Fig. 1403.—Side splint of splint wood. Method of padding: (1) With sheet wadding; (2) with 
cotton cloth; (4) pinned in place, and then (5) stitched. 





Fig. 1404.—Normal leg with foot flexed, showing that the heel rests heavily on the table. (Fig. 
1405.) 





Fig. 1405.—Posterior outline of the normal leg, suggesting the necessary padding to be 
used on the Cabot splint. When the foot is at a right angle with the leg the heel rests lightly on 
the table. 
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Fig 1406.—Methods of supporting the foot in fractures of the leg when using a posterior splint: 
a, Padding beneath tendo achillis; 6, ring under heel; ¢, sling of adhesive plaster. 
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Above the heel, behind the knee, and below the buttock are distinct hollows, at which places 
the padding, as indicated in the illustration, should be thicker than at other points. Regard 
should likewise be had for the natural lateral curves of both thigh and leg. Just below the 

















Fig. 1407.—2-Ray of fracture in child of Fig. 1408.—Fractures of the leg. Cabot 
eight years. Fracture difficult to hold reduced. posterior wire splint and side splints, showing 
Bones sutured. Excellent result. the space to be padded on each side of the leg 

and thigh. 


malleoli, above the ankle, below the knee, and above the knee are distinct hollows that will 
require more padding than elsewhere on the sides of the limb (Fig. 1407). The more care- 
fully the splint is padded, the more nearly perfect will be the result of treatment and the 
greater will be the comfort of the patient. 


Suspension Suspension At the 
At the foot hooks At the knee hooks pelvis 





Fig. 1409.—The anterior wire suspensory apparatus of N. R. Smith. This splint is applied 
to the anterior surface of the padded foot, leg, thigh, and hip. The splint is fixed to the leg by 
a bandage. The splint is intended to immobilize the leg and at the same time to suspend it, 
permitting motion at the hip, and to secure extension upon the distal fragment. A plaster of 
Paris splint may be slight, conveniently suspended by this old time splint. 
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The leg is to be placed upon the posterior iron splint, so padded posteriorly that it rests 
naturally and comfortably. The foot should be placed at a right angle, drawn down snugly 
to the foot piece, and steadied by adhesive plaster straps carried around the foot and splint 
in a figure-of-8 bandage (Figs. 1410, 1411). The side splints, so padded with pillow cases 
or towels as to bring suitable pressure upon the leg and thigh, are applied and held in position 
by straps and buckles (Fig. 1411). This splint immobilizes the knee and ankle joints and 
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Fig. 1410.—Fracture of the leg. Cabot posterior wire splint padded properly according to the 
curves of the normal leg. Notice that the heel is free from the splint. (Fig. 1405.) 


the fractured bones. The region of the fracture is open to inspection anteriorly. Lateral 
inspection is facilitated by loosening the straps and lowering the side splints. Any deviation 
from the normal lines of the leg can be adjusted easily. At the end of three weeks, when 
the fracture is uniting and the callus is still soft, the leg should be removed from the splint 
and examined carefully from the front, from the back, and laterally for any deviation from 
the normal. If any deviation is discovered, it should be corrected and the leg put again into 
a posterior wire splint or into a removable plaster of Paris splint. 





Fig. 1411.—Fracture of the leg. Cabot posterior wire splint, side and posterior wooden splints 
held by straps. Adhesive plaster to foot and ankle. 


The first night after splinting the fracture the patient will probably be 
uncomfortable. The new and restrained position, the after-effect of the 
anesthetic if one had been used, the points of undue pressure yet to be 
adjusted, the itching of the skin, the inability to move about, the neces- 
sity of lying in one position, actual pain at the seat of the fracture—all 
combine to make life miserable. It will be a wise precaution on the part 
of the attendant if a little morphine is administered subcutaneously this 
first night, as patient, nurse, and physician will rest better. After the first 
night there will, under ordinary circumstances, be no especial difficulty. 
After the plaster splint is applied the leg is to be slung so as to clear 
the bed. This position is one of considerable comfort. The patient is 
enabled to move in bed a little and to change his position without dis- 
turbing the fracture. 
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Traction Plaster of Paris Splint —This splint is rather of a makeshift. 
It may be useful to hold a position obtained under an anesthetic which 





Fig. 1412.—Fracture of the thigh. Note possibility of abducting or adducting the limbs 
below the fracture. Note rings incorporated in the plaster anterior splint for suspension. The 


Smith anterior wire splint may be arranged in the same manner as shown here for the plaster 
anterior splint. (Davison.) 








Fig. 1413.—Fracture of the thigh. Note whole limb suspended by a plaster of Paris an- 
terior splint extending from instep to groin and traction secured both by the suspension of the 
leg and the Buck extension strips and weight. (Davison.) 


the surgeon is fearful cannot be maintained by a plaster splint without 
added traction force. 
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Ordinarily I believe that any case which it is impossible to hold reduced 
by a simple plaster of Paris splint should have skeletal (os calcis or 
bimalleolar) traction and be suspended in the Thomas splint. 

The Wilson method (Fig. 1414) of direct powerful traction and manip- 
ulation with the knee flexed and immediate fixation with plaster of Paris 
is applicable to a certain few fractures of the leg. 

R. Watson Jones Method of Treatment of Fracture of the Leg by Im- 
mediate Reduction and Plaster of Paris Splint—He writes: “It follows 





Fig. 1414.—Reduction of a fracture of the leg by the traction method: A, Traction is ob- 
tained by passing a piece of bandage about the ankle in the form of a clove hitch, a soft pad of 
felt being interposed between it and the skin. The ends of the bandage are knotted about the 
hips of an assistant, who supports the foot manually and exerts traction by inclining the body 
backward. Countertraction is obtained by a supporting band passing around the lower part of 
the thigh which holds the knee flexed. B, In this position a plaster casing is applied in sections. 
The first section extends from the ankle to the groin, space being allowed for the removal of the 
countertraction band. C, When this has hardened, the traction bands are removed and the foot 
is supported manually while the remaining portion of the plaster is applied. D, Plaster com- 
pleted. (Wilson and Cochrane.) 


that if equally perfect reduction can be secured by manipulation and 
plaster, this routine is preferable to either extension or operative methods. 
If it is proposed to attempt this by the ordinary procedure of holding the 
limb vertically over the end of a table, an assistant must be found, who, 
with a very insecure grip on the patient’s heel can maintain considerable 
traction for ten or twenty minutes, and at the same time allow neither 
lateral nor anteroposterior angulation to appear, hold the foot in the same 
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plane of rotation as the patella, dorsiflex the ankle to a right angle, and 
keep his hands out of the way of the plasterer. Formidable as the task 
may appear, it is possible in recent injuries, with a well trained assistant. 
But assistants are not always available; they are subject to fatigue; and 
fractures are not always seen within a day or two of the injury.” 

Tibia Traction Apparatus.—For these reasons, a piece of apparatus has 
been designed which is in fact a mechanical assistant of a very perfect 
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Fig. 1415.—Illustrating the three-piece sectional plaster of Paris casing: A, Drawing from 
a photograph, showing the first section of the plaster casing applied. Note the projecting edge 
of the cuff of felt. B, Nos. 1 and 2 sections of the sectional plaster, leaving the region of the ankle 
free. C, Drawing from a photograph to show how reduction of the posterior fracture dislocation 
is effected. Note that the foot is fully dorsiflexed and slightly inverted. (Wilson and Cochrane.) 


order, indefatigable, and capable of fulfilling all of the demands imposed 
by a complete fracture of both leg bones. These demands may be enumer- 
ated as follows: 

“1. The knee must be flexed to a right angle. 

“2. The limb must be held vertically in the line of gravity. 

“3. Heavy traction must be maintained long enough for the application 

of plaster. 
“4. No traction pin should be left in the bone. 
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“5. The foot must be in the same plane of rotation as the patella. 

“6. Lateral and anteroposterior angulation must be fully corrected. 

“7, The apparatus should be easily portable and applicable anywhere. 

“8. The apparatus must be adjustable to any size of limb. 

“9. The operator should be independent of assistants. 

“The apparatus is simple in construction and design (Fig. 1416) and 
consists of a clamp to fit any table, an L-shaped traction bar with coarse 
and fine adjustments, and a padded thigh support. It can easily be carried 
in an attaché case and is roughly the size and weight of a Thomas wrench. 
Traction is applied to the limb by means of an os calcis stirrup and pin, 
but the pin is withdrawn as soon as the plaster is dry so that there is no 
risk of infection along the track, or of overstretching the Achilles tendon.” 

Application of Plaster—An unpadded plaster cast is applied from the 
toes to the level of the knee joint. A plaster slab, prepared quickly so 





Fig. 1416.—Anatomical reduction is secured by combining the lateral pressure of the op- 
erator’s hands with the strong traction of the apparatus. A, Before reduction. B, After ap- 
plying traction. C, Lateral pressure and traction combined. (R. W. Jones.) 


that it is still quite moist and soft, is guided through the stirrup, placed 
in direct contact with the skin of the back of the leg and the sole of the 
foot, and molded to the limb by means of a thin cotton bandage lightly 
applied. The cast is now completed in the ordinary way with circular 
turns of plaster bandage. 

The use of two plaster splints applied to the foot and to the leg sepa- 
rately, leaving a space uncovered at the seat of fracture, is found by some 
to be effective. Traction is made on the plaster foot piece, the foot having 
been carefully padded while countertraction is made above. Having the 
fracture reduced, the plaster splint is completed by several turns of the 
plaster bandage about the uncovered fracture region. Thus the reduction 
is maintained. 

Traction is on the dorsum of the foot and heel. Countertraction is 
against the head of the tibia. 
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Obviously, this might prove a disastrous method unless very carefully 
safeguarded and inspected. 

The heel region should be cut out and carefully finished, smooth and 
regular. The plaster over the dorsum of the foot should likewise be re- 
moved (Thomas). 

These methods are mentioned because they may prove serviceable 
under certain conditions. 































































































Fig. 1417—The old time Short-Desault Fig. 1418.—Plaster traction splint: a, 


splint for the application of traction to lower 
leg fractures. Fracture at X. Extension 
strips wp from the fracture are fastened at the 
top of the splints. Extension strips down from 
the fracture are fastened to the foot piece. 
Tightening the screw at foot piece makes trac- 


Application of adhesive plaster extension 
strips as in Fig. 1417; 6, plaster bandage al- 
lowing exit of extension straps. Note space 
left below the sole to allow for effective traction 
and buckles to which the upper extension is 
attached. 


tion and countertraction. This is not now 
used, but serves as a model to illustrate the 
principle involved in Fig. 1418. 


Method of Application of the Traction Plaster of Paris Splint—From 
the seat of fracture running upward and from the seat of fracture running 
downward are applied extension adhesive plasters, with webbing attach- 
ments, as seen in the diagram (Fig. 1418). Below the foot, the size of the 
sole of the foot and 2 inches thick, is held a very firm pad of sheet wadding. 
A plaster bandage is applied to the leg, according to the usual methods, 
from the toes to above the knee. A buckle looking upward is incorporated 
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in the plaster bandage upon each side of the leg a little above the level of 
the knee. A slit is left upon each side of the ankle for the lower extension 
webbings to come through (Fig. 1417). After the plaster has hardened the 





Fig. 1419.—Cabot posterior wire splint, as used for open fractures (lateral view). Note 
protective padding of splint beneath wound, X, to facilitate dressings without the removal of 
the leg from the splint. 


a 
Fig. 1420.—Cabot wire splint in open fractures, viewed from above. Leg in position; wound 


of soft parts seen; dressing removed; side splints and straps seen. Upper and lower fragments 
held by permanent bandages during inspection of the wound. 


sheet wadding foot pad is removed. The upper extension straps are pulled 
snugly over the upper edge of the plaster splint and fastened to the buckles 
on each side. Then the lower straps are pulled taut over the foot piece of 
the plaster. Countertraction and traction are thus maintained upon the 
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Fig. 1421.—Fracture of both bones of the leg. Note degree of separation of the ends of 
fragments longitudinally. a-Ray taken immediately after the accident causing the fracture. 


(Marble.) 








Fig. 1422.—Same case as Fig. 1421. Practically perfect reduction of the displacement of 
the fracture. This was accomplished by traction and manipulation under anesthesia immedi- 
ately following the injury before factors hindering reduction had become operative. Early im- 

(Marble.) 


mediate reposition is relatively easy and successful. 
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fragments of the fracture. A window is cut in the plaster to observe the 
position of the bones. This apparatus is efficient in many instances in 
which it is otherwise difficult to maintain reduction. 

Double Pin Reduction and Fixation of Fractures of the Leg (R. A. Gris- 
wold, Louisville, Ky.) —Indications: Skeletal reduction and fixation may 
be indicated in comminuted fractures, displaced spiral oblique fractures 
and compound fractures of the tibia and fibula, or in other words, those 
cases which would otherwise require prolonged traction in bed or open re- 
duction and internal fixation. This method is usually not indicated in 
transverse fractures which can be locked end-to-end or spiral fractures 
without displacement. These can usually be treated by manual reduction 
and plaster cast. 





Fig. 1423.—Closed comminuted fracture of both bones of the leg. (Griswold.) 


Technic: 1. Spinal anesthesia or local anesthesia of the fracture site and 
pin sites. 

. One-eight-inch steel pins are inserted through the tibia at the level 
of the tibial tubercle and through the body of the os calcis. The os calcis 
is preferred as the site for the distal pin because traction exerted on the 
heel corrects footdrop and prevents sagging of the fragments by maintain- 
ing the tension of the calf muscles. 

3. The base of the apparatus is adjusted to the distance between the 
pins and the pins are inserted in their respective calipers which are in 
neutral position and free. 

4, The upper caliper is pivoted to bring the proximal fragment into 
the axis of the apparatus. It is then locked. 

5. The length of the limb is restored by means of the traction screw. 

6. The distal fragment is aligned by manipulating the distal caliper. 
This is then locked. 
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7. Rotary displacement is checked, corrected and locked. It usually 


corrects itself if allowed freedom of action and merely requires locking 
into position. 





Fig. 1424.—Comminuted fracture of both bones of the leg, lateral and anteroposterior views. 
Following reduction by Griswold’s method. 


| 





Fig. 1425.—Fracture of both bones of the leg. The wires and nails placed through tibia and os 
calcis. Leg placed in apparatus. Pins inserted into their respective calipers. (Griswold.) 


8. The desired degree of flexion or extension of the knee is obtained 
by raising or lowering the distal end of the apparatus by means of the 
foot piece. 

9. Traction is reduced slightly to allow firm contact of fragments. 
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Fig 1426.—Parts placed by manipulation of apparatus in normal position. Anterior plaster 
shell incorporating ends of wire pins. 





Fig. 1427.—Looking down on leg in apparatus with pins in situ. 
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10. Position is checked by the fluoroscope or films and any necessary 
residual corrections are made. If there is minimum soft tissue damage, a 
cast 1s applied from the toes to the upper part of the thigh, firmly incor- 





Fig. 1428. Fig. 1429. 
Fig. 1428.—Plaster splint completed. Walking iron in place. Few days following reduction of 
fracture seen in Fig. 1424. 
Fig. 1429.—Same case as Fig. 1428 showing the extent of the plaster of Paris splint above the 
middle of the thigh. Note walking caliper in place. (Griswold.) 


porating both pins. When the plaster has set, the limb is removed from 
the apparatus and ends of the pins are covered with corks and plaster 
and a walking iron is incorporated. In most cases it is wise to leave the 
extremity in the apparatus from forty-eight to seventy-two hours before 
applying the cast. This prevents circulatory embarrassment from swelling. 


SORA 


pnsroreninen eines 





Fig. 1430.—Griswold’s extension apparatus. Lateral view. 


After-care: After the cast has dried and the walking iron has been incor- 
porated, ambulatory treatment is started. Crutches are used at first and 
later exchanged for a cane. Often no external support is necessary and the 
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patient can sometimes resume his or her usual occupation. | 

remain in place until the cast is changed at the end of six or eight weeks. 
This cast is 


At this time a new cast without pins is applied if necessary. 
worn until complete firm union has taken place. In most cases this cast 
replaces the usual convalescent leg brace. 
Delbet’s Plaster of Paris Apparatus—Reduction may be secured by 
Delbet’s method of continuous weight extension by a stirrup applied over 

















\ 34 Z, 
Fig. 1432—Equinus lever of G. G. 
The leather strap passes across the 


Fig. 1431—Fracture of both bones of the 
Fibula united. Davis. 
instep and the cross bars beneath the ball of 
The operator, steadying the far 


the foot. 
end of the lever in his own axilla, has com- 
plete control of the patient’s foot. (Ash- 
hurst, Oxford University Press.) 





leg. Ununited fracture of tibia. 
(Massachusetts General Hospital, 1190. a-Ray 


tracing.) 


the instep and heel. This secures rapid reduction in the course of ten or 
fifteen minutes without the use of a general anesthetic and without caus- 


ing any pain. When reduction is complete, Delbet’s apparatus of plaster 
of Paris is applied, and when this has set, the weights and traction stirrup 
are removed.t 

1See Ashhurst and Crossan, Prognosis and Treatment of Fractures of the Tibia and 


Fibula, Trans. Amer. Surg. Assoc., 1923, xli, 594. 
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The Delbet apparatus should be applied as soon after the accident as 
possible, before swelling develops: prompt reduction of the fracture is the 
best means to prevent the occurrence of injurious swelling. The chief 
advantages of the apparatus are: (1) It is applied during continuous 
traction on the foot by weight and pulley, this traction serving to secure 
accurate reduction of the fracture without any anesthetic; (2) as soon as 
the plaster of Paris has set, the weight extension may be removed, since 
the apparatus fits snugly to the condyles of the tibia above and to the 
malleoli below, preventing any subsequent displacement; (3) it leaves both 
the knee and ankle joints free, so that the patient can move them from the 
start, and thus by constant use of his leg muscles can materially shorten 
the period required for consolidation of the bones, and prevent occurrence 
of the atrophy of disuse; (4) the patient can leave his bed and begin to 








Fig. 1433.—Delbet’s apparatus for fracture of the leg. Note that the weight is borne on 
the foot itself, not on the end of the splints. The lower band crosses above the prominence made 
by the contraction of the tendon of the tibialis anticus; the wpper band should not come so far 
below the tubercle of the tibia as to press on the crest of the tibia. Note the space for the pro- 
jection posteriorly of the heel. (Ashhurst, Oxford University Press.) 


walk with crutches during the first week or ten days; (5) the average 
time the splint was worn in Delbet’s own cases was thirty-five days, the 
fragments being then firmly united and all external support discontinued. 

Open or Compound Fractures of the Leg—In general—remember that 
every open fracture is contaminated and potentially infected—plan to 
treat the infection and the fracture. Prevent further infection. Do not 
introduce instruments or fingers or solutions into the compound wound. 
Protect the wound. Immobilize the leg. 

The Permanent Dressing—Every open fracture of the leg should be 
anesthetized for careful examination, diagnosis, and the initial dressing. 
The leg should be washed with soap and water and scrubbed with a gauze 
sponge or soft nailbrush. The skin should be shaved of all hair in the 
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vicinity of the wound, and should then be washed with lquor sodae 
chlorinatae (chlorinated soda), 1 part to 20. This will most effectively 
free it from all grease and oily dirt. If there is no visible grease and dirt, 
then washing the leg with ether and alcohol, including the wound, should 
be done. wks 

The Wound of the Soft Parts—This should be moderately enlarged to 
allow easy access to its deeper parts. There are, no doubt, cases of fracture 
of the bones of the leg open from within outward in which the wound is 
small, evidently made by the bone, in which it is prudent to seal the wound 











Fig. 1434.—Delbet’s splint in fracture of the leg. Fig. 1435.—Delbet’s splint in fracture of 
(Jour. Amer. Med. Assoc.) the leg. (Jour. Amer. Med. Assoc.) 


and to regard the likelihood of infection as absent. These cases, chosen in 
the judgment of a wise surgeon, may do well, but they may not; therefore, 
the author believes it is safer to advise that all wounds of open fractures 
be enlarged for thorough cleaning. The blood clot and detritus should be 
washed out by irrigating with a warm salt solution. Irrigation should be 
supplemented by thorough scrubbing of the tissues of the wound by small 
gauze swabs held in forceps and saturated with alcohol 70 per cent. These 
swabs should be small enough to be carried into all the recesses of the 
wound. All bleeding should be checked. Loose bits of muscle, fat, fascia, 
and bone should be removed. A careful débridement of the wound should 
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be made. Often the carefully protected finger will detect bits of bone 
when the forceps will not. The firmly attached fragments of bone are to 
be left undisturbed. Regarding the treatment of the slightly fixed frag- 
ments of bone, the surgeon must judge in each instance. It is a good rule 
when in doubt about the viability of a fragment of bone to remove it. The 
deep fascia may need division to permit of a view of the depths of the 
wound. The fractured bones are to be approximated, but not sutured until 
it is proved by culture that the wound is sterile. The corners of the wound 
may be sutured. The Carrell-Dakin treatment is to be instituted. It is 
wise to leave the wound open enough to receive several temporary rubber 
tissue wicks for drainage during the first few days. Counteropenings may 
be needed if one is not sure of the aseptic condition of the wound. They 


a 





Fig. 1436.—Delbet plaster splint: Plaster strips are molded snugly without padding to the 
leg, one encircling the upper end of the tibia, two vertical strips on the mesial and lateral aspects 
of the leg, and one spiral strip holding them in position. Weight is transmitted from the upper 
end of the tibia to the plaster strips and by them carried to the malleoli. It is used as a conval- 
escent brace. 


do no harm and may prove safety valves against latent infection. Before 
leaving the wound it should be thoroughly douched with boiled water. An 
aseptic dressing is applied, and the leg is immobilized by the posterior wire 
and side splints (Figs. 1419, 1420) if no other splint is available. Ordi- 
narily, the best splint under these conditions is the Thomas splint sus- 
pended. ; 

Care of a Fracture of the Leg After the Permanent Dressing Has Been 
Applied—All fractures of the leg will be placed, sooner or later, in the 
fixed plaster of Paris splint. One week after the splint is applied the 
patient may be up and about with crutches. At first the hanging of the 
leg down may be attended by great discomfort. There may be a sense of 
fulness and of burning in the leg. The leg may feel as if it would burst. 
The toes may look blue and be swollen. Letting the leg hang down, be 
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dependent, for short intervals at first, and alternating with elevating the 
leg until the uncomfortable swelling and sensation have entirely disap- 





Fig. 1437.—Method of making gypsum molded splints. (Ashhurst, Oxford University Press.) 





Fig. 1438.—Stimson splints of plaster of Paris showing the two lateral splints removed at 
the first dressing, while the limb rests undisturbed on the posterior splint. (Ashhurst, Oxford 
University Press.) 


peared, will enable the patient to increase gradually the time of lowering 
the leg until all discomfort will have vanished. As the patient becomes 
accustomed to these conditions, which are in themselves harmless, he will 
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be able to ignore them; they will grow less and less troublesome and 
eventually disappear. At the end of five weeks the fracture should be 
found very firm. A lighter plaster splint may be then applied, extending 
only to the knee joint, and allowing flexion of the knee. This thin plaster 
splint should be split, so as to be removable. After about five weeks from 
the injury the leg should receive a daily bath and massage, with active 
and passive motion to the knee and ankle joints. At about the eighth 
week the protecting splint may be removed, a flannel bandage from the 
toes to the knee substituted, and the patient be allowed to touch the foot 
to the floor, bearing a little weight. Eighty-two per cent of fractures of 
the tibia will be solidly united within seven weeks (Paul). Seventy-eight 
per cent of the fractures of the tibia and fibula will be solidly united within 
nine weeks (Paul). Fractures of both bones of the leg in children under 
ten years of age will require about eight weeks for solid union. As soon as 
the plaster is removed and the bandage substituted, a shoe, preferably 
laced, should be worn on that foot. From the eleventh to the twelfth 
week after the injury the patient should be walking somewhat with a 
cane. According to present methods a fractured leg would require from 
three to five months of treatment before restoration to normal function is 
completed. 

The care of a case of fracture of the leg is attended with no little anxiety 
on the part of the surgeon. The general health of the patient is a matter 
of considerable concern. The loss of exercise entailed by the cramped and 
unnatural position causes loss of appetite, headache, constipation, dys- 
peptic ills, ete. The pain through the whole limb, due undoubtedly to the 
sprain and wrenching at the time of the injury, the aching at night at the 
seat of fracture, combine to render the patient thoroughly uncomfortable, 
unhappy, and even melancholy. Pressure spots will appear about the 
most carefully applied bandage, and they must receive attention. Itching 
of the skin inside the splints is sometimes almost unendurable. To every 
patient daily general and local massage and bathing will be found to be of 
unspeakable comfort. Massage, if the skin surfaces permit, may be insti- 
tuted after the first week. The average hospital patient is far less sen- 
sitive to all the petty annoyances of an immovable and closely fitting 
dressing than is the private patient. 

The Prognosis.—In children and young people the minimum time is 
consumed by the process of repair. The restoration of the leg to its normal 
function is more rapid than in the cases of adults, and there are fewer 
complications. In adults a chronic arthritis may appear in the neighboring 
knee or ankle joint. Swelling of the leg and ankle may persist for some 
time. Nonunion of the bones may result, and necessitate operative meas- 
ures (Fig. 1431). If the fracture is oblique, shortening may occur even 
after union takes place if the unsupported leg is used too soon and too 
much. If the wound of an open fracture heals quickly, and there is little 
comminution of bone, repair will take place as in a closed fracture. Other- 
wise, an open fracture will unite more slowly than a closed fracture. Per- 
sistent swelling of the leg, particularly about the ankle, is associated with 
the convalescence from an open fracture. Necrosis of bone at the seat of 
fracture may occur in cases of open fracture even many months or years 
after the original injury. Abscesses and sinuses may form, necessitating 
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operation for the removal of the necrosed bone (Figs. 1439, 1440). For 
some unknown reason fractures of the upper third of the tibia unite less 
readily than fractures of bone elsewhere. Union is longer in being consum- 
mated. If the fracture is near the knee or ankle joints the prognosis is 
more uncertain than if the fracture is at the center of the shaft. A com- 
minuted fracture is more likely to be longer in uniting and to give rise to 
trouble after repair than is a single transverse fracture. 

Summary of Treatment of Fracture of the Leg—A crushed leg with 
external wound may require to be observed for several hours to be assured 
of its viability. The splint under these conditions 
should be either a Thomas, a pillow and side splint, 
or a posterior wire and side splint. All these 
splints may be readily suspended. 

A simple fracture, often of a single bone with- 
out displacement, should be treated by immediate 
application of a plaster of Paris splint, elevation of 
leg, slinging, plaster, splitting plaster splint. 

Fractures with slight displacement rather easily 
corrected. The principle of the Thomas, Hodgen, 
and Hawley splints should be used. 

Fractures with Displacement Difficult to Re- 





Fig. 1439—Open frac- 
ture of both bones of the right 
leg in the lower third six 
months after the accident. 
Note the deformity and en- 
largement of the leg near the 
ankle. Fig. 1440.—Lateral view of Fig. 1439. Note discharging sinuses. 





duce.—The Thomas splint with or without operation and leverage, a 
plate or band. 

Skin traction in fractures of the leg is coming to be recognized as in- 
effective. A fracture of the leg controllable by Sn traction may properly 
be placed in a plaster of Pars splint (Leland). Fractures demanding 
heavy traction had best have bony traction either by a pin (Stemmons 
nail or Kirschner wire) through the os calcis or above the os calcis, or a 
bimalleolar caliper. 
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The pin above the os calcis causes less disturbance than the stirrup 
above the os calcis. 

Thrombosis and Embolism.—Thrombosis of the veins about a fracture, 
and particularly about a fracture in which there is some laceration of the 
soft parts, is not at all uncommon. At times, and rather more frequently 
than is generally supposed, emboli are detached from these thrombi and 
cause almost immediate death, with symptoms of pulmonary embolism, 
namely, a sudden cyanosis and great difficulty in breathing associated with 
intense precordial distress. 

Thrombosis of the veins of the leg or thigh is undoubtedly one of the 
causes of the great edema seen after fracture of these parts. 

Refracture of the Bones of the Lower Extremity—lIt is not an uncom- 
mon experience to find that a patient with a fracture of the thigh, leg, or 
patella refractures the partially united bone. This refracture is due to 
either muscular violence or a slight fall. There is ordinarily little displace- 
ment of the fragments. The callus of the original injury holds the bones 
quite securely. The leg is usually bent at the seat of the fracture. Refrac- 
ture is, therefore, practically a fracture of callus. This accident has even 
occurred while the patient is wearing a protective splint of plaster of Paris. 
Union in these cases is much more rapid than after the original injury. 
About one-half of the time required for union of the original fracture is 
necessary for union of the refracture. The patient may, therefore, be much 
encouraged, for though the accident of refracture is a disheartening one, 
he will not be obliged to look forward to a long confinement. 
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Anatomy of the Ankle.—The anatomical relations of the lower ends of 
the fibula and tibia and the astragalus and os calcis should be kept con- 
stantly in mind. The os calcis and astragalus are held firmly together by 
the strong astragalocalcanean interosseous ligament forming the posterior 
portion of the foot. The astragalus rests mortise-like between the internal 
and external malleoli (Fig. 1446). The strength of the inferior tibiofibular 
articulation depends upon the strong inferior tibiofibular ligaments, par- 
ticularly upon the interosseous ligament. 

Motions of adduction or abduction in the foot normally occur in the 
subastragalar joint. When such movements become extreme, they are 
transmitted directly to the astragalus and the tibiofibular mortise, and 
fracture of one or the other malleolus is the common result. 

Not until that malleolus on which the pull comes has given way, or the 
corresponding ligament has ruptured, is the astragalus able to act on the 
other malleolus by a pushing force which will produce a compression frac- 
ture. 

The fibula is attached to the tibia in two places. There is slight motion 
at the points of contact between tibia and fibula below. There is no joint 
cavity here, union is through a dense feltlike interosseous ligament. At the 
upper end of the fibula there is a synovial cavity in the tibiofibular joint. 

The foot is held to the leg bone by strong ligaments. 

The normal movements of the ankle joint are those of flexion and ex- 
tension, 20 degrees of dorsiflexion and 60 degrees of extension or plantar 


flexion. 
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Fig. 1441.—Diagrammatic drawing illustrating mechanism of ankle fractures. The events fol- 
lowing forcible external rotation of the foot. 
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Fig. 1442.—Diagrammatic drawing illustrating the mechanism of ankle fractures. The events 
following abduction or fibular flexion of the foot. 
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Fig. 1443.— Diagrammatic drawing illustrating the events following adductions or tibial flexion 
of the foot. 
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Mechanism of Ankle Fractures.—Most fractures of the tibia and fibula 
which involve the ankle joint are due to forced movements in one of three 
directions: (A) Fractures by external rotation. (B) Fractures by abduc- 
tion or fibular flexion of the foot. (C) Fractures by adduction or tibial 
flexion of the foot. (D) Then there are fractures dependent on the force 
being transmitted upward by falls on the foot. These will be comminuted 


and at times compound. 
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Fig. 1444.—Diagrammatic drawing illustrating the mechanism of ankle fractures. The events 
following force transmitted upward by falls on the foot. 





The classification and sequence of events in an ankle joint fracture is, 
according to Ashhurst,? grouped into four classes, A, B, C, and D, as 
follows: 


(A) Fractures due to forcible external rotation of the foot: 
1. Spiral of lower end of the fibula. 
2. Rupture of internal lateral ligament. Fracture of the internal malleolus. 
3. Lower end of the tibia. Spiral of the lower end of the fibula. 
(B) Fractures due to abduction (or fibular flexion of the foot) : 
1. Internal malleolus or rupture of the internal lateral ligament. 
a) Below inferior tibiofibular joint (bimalleolar). 
2. Fractures of the fibula } & Rese oriniemerimichtalie voint eae 
3. Internal malleolus represented by the whole lower end of the tibia. 
(C) Fractures due to adduction (tibial flexion) : 
1. External malleous transverse 
a) Internal malleolus (bimalleolar) . 
2. Followed by S Median tibial Pe up and = from joint. 
3. Whole lower end of tibia (supramalleolar) . 
(D) Fractures due to falls on the foot. 


By Pott’s fracture of the ankle is understood the injury caused by 
forcible eversion and abduction of the foot upon the leg. The lesions which 
may be present in this fracture are a rupture of the internal lateral liga- 
ment, a fracture of the tip of the internal malleolus, a separation of the 
lower tibiofibular articulation, an oblique fracture of the fibula 2 or 3 inches 

1 These drawings (Figs. 1441-1444) were made under the direct supervision of Ashhurst. 

2 Archives of Surgery, January, 1922. 
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above the tip of the external malleolus, a fracture of the outer edge of the 
lower end of the tibia. Ordinarily, the mechanism of the fracture is some- 
what as follows: As the foot is abducted the strain is felt at the internal 
lateral ligament and at the inferior tibiofibular interosseous ligament, and 





Fig. 1445.—Open Pott’s fracture. Wound in soft parts and protruding tibia to be seen, 


these give way. If the force continues, the fibula breaks. If the force 
still continues, the internal malleolus is pushed through the skin, and an 
open fracture results (Fig. 1445). If the internal lateral ligament holds 
against this lateral force, the tip of the internal malleolus may be pulled off. 
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Fig. 1446.—A corona] section of the ankle joint. The epiphyseal line of the tibia is entirely 
outside the ankle joint. The epiphyseal line of the fibula impinges on the joint on its inner as- 
pect. (Thompson, Annals of Surgery, 1898.) 


Causes of Ankle Fracture——Most fractures of the ankle are due to 
indirect violence or torsion through the mortise of the ankle joint. A 
twist of the foot, a slipping from a slight height, a fall on the foot in an 
abducted or adducted position, these are the common occasions of a frac- 
ture in the ankle region. 
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Fracture of the posterior articular margin of the tibia, caused probably 
by a direct upward and backward thrust of the astragalus, helped perhaps 
by an avulsive force through the posterior inferior tibiofibular ligament, is 
not an uncommon complication of ankle injuries due to external rotation 
the lipping fracture of Speed. 





Fig. 1447.—Normal leg and foot at a right angle. Note the relative position of heel and leg. 


Posterior dislocation of the foot is associated often with this particular 
lesion, and it is thought not to occur without such a marginal fracture 
(Fig. 1454). I record here a case of posterior dislocation of the foot with- 
out fracture of the tibia from the clinic of H. E. Conwell, Alabama, a 
unique case. 





Fig. 1448.—Pott’s fracture. Posterior displacement of the foot on the leg. Note the short- 
ening of the foot from the toe to the front of the ankle. Compare the relative position of the 
heel and leg with the same in Fig. 1447. 


Diagnosis —After the swelling of the ankle has occurred, which is asso- 
ciated with an ankle fracture, an accurate diagnosis will be difficult to make 
by inspection and palpation. 

A roentgen ray in two planes should always be obtained; this will reveal 
unsuspected fissures and important slight displacements. 

Tenderness should be sought: (1) On the fibula above and below the 
inferior tibiofibular ligament; (2) over the internal malleolus, and (3) over 
the tibiofibular joint. 
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In all cases of injury about the ankle joint a fracture should be sus- 
pected until proved absent (Ashhurst). 

The existence of a posterior marginal (lipping) fracture must be always 
in mind if there is considerable dislocation backward of the foot on the leg. 
For unless especial care is exercised to reduce and maintain the reduction 
very effectively, the foot will slump backward, the dislocation will recur, 
due to the marginal or lipping fracture of the posterior edge of the lower 
end of the tibia (Fig. 1448). This fracture may be recognized, apart from 
the x-ray, by tenderness over the site of fracture and by ecchymosis to 
one side or the other of the tendo achillis on a level with the joint and a 
little above. The lower end of the tibia anteriorly will be more prominent 
than usual, the dorsum of the foot will be shortened. 





Fig. 1449.—Pott’s fracture of left ankle. Method of examining ankle. Lateral mobility shown. 
Note the grasp of the foot and the leg. 


Symptoms.—The ankle presents a very constant appearance after this 
fracture. A traumatic synovitis exists. Great swelling appears, at first 
chiefly upon the inner side of the ankle. The ankle joint becomes dis- 
tended with blood and serum. All the natural hollows about the joint are 
obliterated. The foot is everted, appearing to have been pushed bodily 
outward. The internal malleolus is unduly prominent. Some of this 
prominence is masked by the swelling (Fig. 1453). The bony connections 
and natural support of the foot having been removed, the inferior tibio- 
fibular ligament ruptures, the foot drops backward, partly because of the 
pull of the calf muscles, but chiefly because of its own weight (Figs. 1447, 
1448). Speed has called attention to the fact that in ordinary Pott’s frac- 
ture a posterior displacement of the foot does not occur. If a posterior 
displacement is present it is because the external malleolus is free from the 
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external side of the lower end of the tibia. The deformity, therefore, is 
a double one, a lateral sliding of the foot outward and an anteroposterior 
dropping of the foot backward. The malleoli are spread apart; the meas- 
ured distance between them is increased over the normal. Palpation close 
above the anterior articular edge of the tibia and the astragalus reveals 
tenderness over the ruptured tibiofibular ligament. The backward dis- 
placement is best measured by the length of the line from the front of the 
ankle to the cleft between the first and second toes. This line will be found 
shortened upon the injured side. There is tenderness over the fracture of 
the fibula. If the internal malleolus is fractured, the sharp ridge at the 
broken edge can be distinctly felt. Grasping the posterior part of the foot 
firmly with the whole hand, while the other hand steadies the lower leg 
just above the ankle, abnormal lateral mobility of the foot may be detected 
(Fig. 1449). The foot will be felt to move inward to its natural position. 
The moment inward pressure is removed the foot will be seen and felt 
to slump outward again. 





Fig. 1450.—Fracture of the internal and external malleoli and displacement of the foot inward 
and backward. Note prominence on front of ankle. 


Figures 1450 and 1451 illustrate a reversed Pott’s deformity, the foot 
having moved inward instead of outward as well as having fallen backward. 

Treatment.—If the fracture is subperiosteal and is without displace- 
ment, simple adhesive strapping may be used, but weight-bearing should 
not be allowed until the bone has had time to unite. In the after-care of 
these injuries attention should be paid to the inevitable tendency to flat 
or pronated feet. 

Fractures With Displacements—Immediate reduction in every case 
should be secured as early as possible. The indications for treatment are 
to place the parts in their normal relations, and to maintain them so until 
repair is completed, guarding against both the lateral and the posterior 
deformities. If, for any reason, such as the presence of very great swelling 
of the ankle, it is expedient to delay reduction, the leg should be placed 
temporarily in a pillow and side splints (Figs. 1392-1394). The earlier 
reduction is accomplished, the sooner will the swelling disappear. An 
anesthetic should always be administered to the patient before the reduc- 
tion of this fracture. The reduction is thus rendered painless and, through 
relaxation of the muscles, is made far easier. 
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Fig. 1451.—Same as Fig. 1450. Lateral displacement of foot inward. 





Fig. 1452.—A posterior displacement of the whole foot because of a Pott’s fracture. 





Fig. 1453.—A lateral displacement of the foot to the outer side because of a Pott’s fracture. 
Note prominent internal malleolus and swelling of the ankle. The normal bony landmarks are 
not seen. The pathological bony landmark is evident. 
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Reduction without Continuous Traction—In most fractures about the 
ankle joint this is the method of reduction, by manipulation and traction 
on the foot and by adduction of abduction of the foot. 

A general anesthetic is needed, for the manipulations are extremely 
painful. 

If the displacement is the common one, with the foot outward and 
backward, the surgeon pulls the foot downward away from the leg firmly 
and continuously with the foot in plantar flexion, then, with the heel in the 





Fig. 1454.—Fracture of the internal malleolus and of the lower end of the fibula. Arrows 
point to lines of fracture. Posterior lipping fracture of tibia. May be well reduced without op- 
eration. Important to correct backward displacement of the foot. 


palm of one hand and with the other hand resting on the front of the 
anterior surface of the lower end of the tibia, he presses the leg backward. 
while he dorsally flexes and lifts the whole foot forward. The foot will, 
with this traction and lifting, gradually resume its normal anteroposterior 
position beneath the leg. There is only the lateral displacement to be 
corrected by turning the heel strongly into adduction and crowding it hard 
over. The foot should be dorsiflexed to a little less than a right angle, 
so as to prevent recurrence of the posterior displacement. The foot should 
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Fig. 1455.—Note rotation of foot Fig. 1456.—Note sliding of Fig. 1457.—Separa- 
on anteroposterior axis. foot to outer side. tion of lower epiphysis of 
tibia and fracture of 

fibula. 











Fig. 1458.—Note sliding of foot without rota- Fig. 1459.—Note extreme displacement. 





tion. 








Fig. 1460.—Great displacement of the foot. Fig. 1461.—Note displaced malleoli. 
Note prominent internal malleolus. 


Figs. 1455-1461.—Types of fracture near the ankle joint. 
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be overcorrected in adduction, so as to bring the lower fragment of the 
fibula in close contact against the outer side of the lower end of the tibia 
by traction on the external lateral ligament. Retention of this replaced 
fracture will best be secured by the application of the molded plaster of 
Paris splints (Stimson, pp. 1438, 1466, 1467) . 

Application of the Stimson Plaster of Paris Splint (Figs. 1466-1468) — 
The foot and leg as far as the knee are covered with flannel bandages while 
the plaster of Paris splints are being made. The foot and leg are held 
carefully by assistants. 

Plaster splints are made by soaking a roller plaster bandage 10 cm. 
wide and running it back and forth on itself as it is unwound until a 
splint of suitable length (about 85 cm.) has been formed; two or three 


r 

















Fig. 1462.—Fracture of the fibula without Fig. 1463.—Same case as Fig. 1462. Note 


fracture of the tibia. No lateral displacement change in fibula fragments, with compara- 
of foot. (Dodd.) tively no change in the relation of astragalus 


to the lower end of the tibia. (Dodd.) 


roller bandages of average length are required to make a splint of proper 
thickness. 

This splint of plaster of Paris is one of the most satisfactory for retain- 
ing ankle fractures that have been completely reduced. 

The Lateral and Posterior Plaster of Paris Splints (the Stumson Splint) . 
—The posterior splint (Fig. 1466) extends from the toes along the sole of 
the foot around the back of the heel and up the back of the leg to the 
knee or to the middle of the thigh. The lateral splint (Fig. 1467) begins 
at the external malleolus, passes over the dorsum of the foot to the inner 
side under the sole, and upward along the outer side of the leg to the same 
height as the posterior splint. Each of these splints is made of about 
6 or 8 strips of washed crinoline, 4 inches wide and long enough to extend 
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from around the foot to the bend of the knee or middle of the thigh. The 
leg is protected by roller bandages of sheet wadding. Plaster cream 1s 
rubbed into the crinoline strips one after the other until all the strips have 
been used. The posterior splint is applied first, and held snugly by a gauze 
bandage to the leg and foot. Then the remaining crinoline strips are like- 
wise covered with plaster cream and applied as the lateral splint (Fig. 1468) : 
This is also held snugly by a gauze bandage to the leg and foot. During 
the application of the splint and until the plaster of Paris has set the foot 
should be held in a corrected position by an assistant. These two plaster 
of Paris splints are preferable to the encircling plaster splint, the ordinary 
“plaster leg,” for by their use the ankle can be inspected. Less judgment 
is requisite in its application to insure the correction of the deformity 
than by the use of the ordinary “plaster splint.” As the swelling subsides 
and the plaster becomes loose, if the splints are kept tight by bandaging, 
the deformity cannot possibly recur. 

Injurious swelling is next to unknown, and fractures thus treated seldom 
give trouble from swelling during convalescence. 

The principles of the Dupuytren splint (Figs. 1464, 1465) are the ones 
to be applied in the reduction of this fracture whatever the apparatus in 
which the leg is permanently placed. These consist of the making of lat- 
eral outward pressure upon the internal malleolus, lateral inward pressure 
upon the foot, and a forward lift upon the posterior part of the foot or 
heel. If it is impossible to correct the posterior foot displacement, a ten- 
otomy of the tendo achillis will facilitate reposition. The practitioner may 
very properly use the Dupuytren splint. It is thought to be uncomfort- 
able, but it is not if properly applied. It is very efficient in holding the 
fracture reduced. 


The Dupuytren Splint—This is a board from 4 to ¥% inch thick, long enough to extend 
from the middle of the thigh to 6 inches below the sole of the foot, and as wide as the calf 
of the leg from front to back (Fig. 1464). At its lower or foot end it is serrated with three 
or four teeth, as seen in the illustration. It is padded with folded sheets, so that when it 
is applied to the inner surface of the limb the padding extends to just above the level of 
the internal malleolus, the serrated end of the splint projecting 6 inches below the sole of 
the foot. The padding, as seen in the illustration, is so thick at the lower end over the 
internal malleolus that sufficient room is left for inversion and rotation of the foot upon its 
anteroposterior axis without its impinging upon the splint in the least. The splint is held 
in place by straps and buckles: one is placed above the ankle, one above the knee, and a 
third is placed at the upper end of the splint. For the proper application of the splint an 
assistant is needed. The splint is applied while the leg rests upon the bed. An assistant 
steadies the splint and the leg so that they both project clear of the foot of the bed. A 
roller bandage is then applied in circular turns about the ankle and splint from the splint 
toward the leg. After two circular turns are made the assistant adducts and inverts the 
ankle, and foot, and this position is held by the third turn of the bandage, which is passed 
around the forward part of the foot and over one of the serrations of the splint (Fig. 1465). 
In order to hold this firmly a turn is then taken around the ankle. A figure-of-8 is then 
applied for several turns about the foot and ankle, crossing the ankle in front of the instep 
at each turn. Each succeeding turn is caught by the succeeding serration of the splint. At 
the same time the foot is lifted forward by pressure from behind, and this forward lift is 
maintained by circular turns of the bandage. The whole limb is placed upon pillows. Thus 
the eversion and posterior dropping of the foot are corrected. This splint forms a good tem- 
porary or emergency dressing for Pott’s fracture. This dressing corrects the eversion, but 
there is great danger that the foot may slump backward unless most carefully watched. 
This failure to hold the posterior displacement corrected is the chief defect of the Dupuytren 
splint. 
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The Posterior Wire Splint with Curved Foot Piece (Figs. 1466-1468) —This splint is 
described because it may at times meet certain conditions better than some other form of 
immobilization. It is not in common use. The posterior wire splint should extend to the 
middle of the thigh when used in treating Pott’s fracture. The foot piece should be twisted 
at the ankle, so as to hold the foot when inverted (Fig. 1469). The splint is covered and 
padded in the usual way. The patient is anesthetized. The leg is placed upon the splint. 
The foot is strongly inverted by great lateral pressure put upon the posterior part of the 
foot. This inversion of the foot cannot be made too strongly, for the deformity cannot be 
overcorrected. The position of extreme inversion is not a painful one to maintain. Ordinarily, 
the lateral pressure applied is too slight entirely to correct the deformity. The foot is held 
to the inverted foot piece by straps of adhesive plaster, pads, and side splints (Fig. 1470). 





Fig. 1464.—Pott’s fracture. Dupuytren’s Fig. 1465.—Pott’s fracture. Dupuytren’s 
splint. Note length of splint; position of straps; splint. Note serrations of splint and turns of 
arrangement of padding; space between foot bandage adducting foot. 
and splint. 


A pad is applied to the sole of the foot, and so placed as to maintain the long anteroposterior 
arch of the foot. It is found that if this is not done, there is considerable flattening of this 
arch upon recovery. The forward lift upon the foot is made and maintained by proper 
padding posteriorly to the lower leg and just above the heel (Fig. 1468). The lift may be 
reinforced by smoothly applied strips of adhesive plaster placed laterally on the foot and 
carried under the heel and up and over the end of the foot piece. These adhesive plaster 
strips serve as a sling for the foot. There is one other way to avoid pressure upon the point 
of the heel, and that is by placing beneath the heel a ring of sheet wadding covered with a 
tightly wound bandage (Fig. 1468). These methods of protecting the heel from pressure 
may all be used at one time to advantage. The side splints are applied with great care, being 
so padded as to maintain the outward pressure upon the inner surface of the lower end of 
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Fig. 1466.—Pott’s fracture. Stimson’s splint. Fig.  1467.—Pott’s fracture. 
Posterior plaster (represented 2 inches too long at the Stimson’s splint completed. Lateral 
upper end). and posterior plasters. 








Fig. 1468.—Pott’s fracture. Stimson’s splint removed. Lateral and posterior plasters. 
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the tibia, and the inward pressure upon the outer surface of the foot. Very great care must 
be exercised that there is no recurrence of the deformity. Frequent readjustments are 
necessary. 





Fig. 1470.—Pott’s fracture. Cabot pos- 
terior wire splint and side splints. Note po- 
sition of lateral pads and twisted foot piece. 
Side splints are shown unpadded. To be used 
if for some reason a Stimson or Delbet splint is 
impracticable. The foot can be held forward 
on the leg, 7. ¢., any posterior displacement 

Fig. 1469——Cabot posterior wire splint corrected. The eversion can be corrected as 
bent at the ankle for Pott’s fracture of the seen in this illustration. Of course, the side 
right leg. To be used to assist in maintaining — splints are suitably padded about thigh and 
adduction of the foot. upper leg. 





Reduction may be secured and held by the Delbet method of continu- 
ous weight extension by a stirrup applied over the instep and heel. It 
is ordinarily used in fractures of the leg where continuous traction is 
needed. 

Care of the Fracture After the Permanent Dressing Is Applied—lIf the 
posterior and side splints are used: After the initial swelling has subsided, 
1. e., after the first week, the leg may be placed in a plaster of Paris splint 
(circular bandage), and the patient allowed up and about with crutches. 
The plaster should be split after application and held in place by straps or 


a bandage. 
If the Stimson splint is used the patient may be allowed up and about 
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with crutches at the end of the first week. Massage may be applied to the 
exposed parts of the leg and foot daily. At the second week all dressings 
should be removed, and gentle massage applied to the whole leg from toes 
to groin, especial attention being paid to the region of the ankle which 
is carefully supported. Massage and gentle passive motion in an antero- 
posterior direction only should be applied at least once or twice daily after 
the second week. All lateral motion is to be avoided. After the fifth or 
sixth week a knitted or flannel bandage will be all the support needed, 
although comfort may demand a thin, stiff, retentive splint at times. At 
the end of two months some weight may be borne upon the foot. 

Of the three methods of dressing a Pott’s fracture the posterior and 
lateral plaster splint of Stimson is by far the simplest and it is efficient in 
every way. Moreover, it allows of massage being instituted early with the 
least disturbance to the ankle. The posterior wire splint is more difficult 
of application, and needs careful watching and frequent readjustment. 
With the posterior wire splint in use the foot or leg is easily accessible to 
early massage by simply loosening the side splints. : 

Convalescent Care of Fractures at the Ankle—If Delbet’s splint has 
been used the patient may be up out of bed the first week. He may be 
taught to walk between crutches, bearing at first a little weight on the 
injured ankle and gradually he may bear all his weight, provided, of 
course, that the Delbet protecting splint continues snug and continues to 
protect. The splint should be reapplied if it loosens. After five or six 
weeks all the weight may be borne on the ankle. 

I believe that it is important that the broken ankle during these weeks 
of protected walking and while the healing process is progressing should be 
elevated when the attempts at locomotion are finished. The eventual 
progress of the ankle injury toward complete usefulness will be hastened 
if freedom from swelling is maintained during this period. 

If Stimson’s splints are used they may gradually be omitted, one by 
one, and their places taken by a carefully applied and supporting knitted 
bandage. While the patient gets about with crutches, the shoe of the 
injured ankle should have its inner edge of sole and heel slightly raised to 
help in keeping the weight-bearing surfaces balanced. 

In certain cases a pad in the instep on the inner side may be helpful, as 
if for a pronated foot. 

Occasionally a brace will be useful with one or two side uprights to 
below the knee, attached either to the shoe or to a steel sole plate within 
the shoe, and with an ankle jot and suitable strap for holding the ankle. 

The exact care of any case following an ankle joint fracture will be 
determined by the conditions peculiar to the particular case. 

In general it may be said that early replacement of the fracture frag- 
ments, early active but guarded movements, early massage, prolonged 
freedom from complete weight-bearing, protected weight-bearing when 
once begun, support in the instep as a preventive measure—all these meas- 
ures will conduce to a satisfactory and normal return to active full function 
of the ankle and foot. 

Prognosis and Results.—In young adults there should be no deformity 
and scarcely any permanent disability. In adults there may be some stiff- 
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Fig. 1471.—Fracture of the lower epiph- Fig. 1472.—Fracture of the lower tibial 
ysis of the tibia close to shaft, and of the lower _ epiphysis extending up into the inner edge of 
fibular epiphysis with displacement of the foot the diaphysis of the tibia. A starting of the 
inward. lower fibular epiphysis. 





a 


Fig. 1473.—Fracture of the lower tibial epiphysis and damage to the epiphysis further outward: 
a, Lateral, and b, anteroposterior views. 


ness for a time. If the lateral deformity has not been completely corrected 
a traumatic pronation of the foot will result. The longitudinal arch of the 
foot should be supported always by a suitable pad under the instep for at 
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least six months following this fracture, whether there is deformity or not. 
If there is deformity it will relieve the pain. An insole of leather with a 











Fig. 1474,.—A fracture of the lower tibial ep- Fig. 1475.—A fracture of the lower tibial 
iphysis with displacement slightly upward. epiphysis a little within the longitudinal line 
of the diaphysis of the tibia. 





Fig. 1476.—A starting of the lower tibial epiphysis. Note the increased spacing in the epiphyseal 
line. 


pad stitched to it for support to the arch of the foot is often of great ser- 
vice. If there is no pain or deformity, it will strengthen the foot until 
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walking is easy again, and will prevent deformity appearing. If the 
anteroposterior deformity has not been corrected, pain may be experienced 








Fig. 1477.—Lateral and anteroposterior views. Note oblique fracture from before backward 
of epiphysis at its inner side and starting of the epiphysis of the fibula, also a starting of the lower 
tibial epiphysis. 





. 


Fig. 1478.—Fracture of the outer portion of the inferior tibial epiphysis. Note also change in 
outline of the anterior portion of epiphyseal line indicated by the arrow. 


upon using the foot. The foot is shortened and dorsal flexion is much 
hindered, so that the gait is decidedly impaired. , The patient will walk 
with a more or less stiff ankle. In those cases in which there is great 


65. 
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deformity associated with extensive laceration of the soft parts, the foot 
and ankle may for many weeks subsequent to union be painful, stiff, and 
swollen. Pain, stiffness, and swelling increase with the age of the patient, 
i. e., the younger the patient the less discomfort will there be following 
this fracture. 

The walking leg plaster splints if used must be very accurately applied 
without padding and walking must be begun immediately after the frac- 
ture (Murray). The muscular activity necessitated by this early moving 
is undoubtedly advantageous. 

Open Pott’s Fracture (Fig. 1445) —The ankle joint is involved. Two 
things are to be considered in deciding upon the treatment of the injury— 
the extent of the laceration of the soft parts and the amount of injury to 
the bones. If the crushing and laceration is great with rupture of large 
blood vessels so that the foot is useless, amputation is indicated. Amputa- 
tion may be indicated in two other instances, even with less damage to 
soft parts than in a younger person—in the presence of old age and sepsis. 
The compound wound, including bone and soft parts, is to be treated as 
is indicated in the section on Compound Fractures (Chapter XIII). If the 
laceration is not great, and any existing dislocation can be reduced, it 
should be reduced without excision, proper drainage being provided, both 
anteriorly and posteriorly, to the jomt, and not drainage of the joint. If 
the laceration is not great and reduction of the deformity is impossible, 
then either partial or complete excision should be done. If there is great 
injury to bone, whether the dislocation can or cannot be reduced, all frag- 
ments should be replaced and only those removed whose loss would not 
militate against a stable ankle joint. 

A partial or complete excision should be done only in comminuted frac- 
tures of the joint surface in adults in which it is obvious that a stiff ankle 
joint must follow union. In every open Pott’s fracture, no matter how 
small the wound of the soft parts, in order to insure an aseptic wound it 
should be enlarged sufficiently for thorough cleansing with antiseptic solu- 
tions in every part (Chapter XIII). Extreme conservatism should charac- 
terize the treatment of recent open Pott’s fracture. In the large majority of 
cases treated upon the conservative or expectant plan a useful ankle joint 
and foot will result. The older the adult patient is, the more radical must 
be the treatment. 


CHAPTER XXXIX 
FRACTURES OF THE BONES OF THE FOOT 


Fracture of the astragalus is caused by a blow on the sole of the foot, 
as in a fall from a height (Fig. 1479). Fracture of the os calcis is often 
present in the same foot with fracture of the astragalus. The ankle joint 
may or may not be involved. The diagnosis is difficult without the use of 
the roentgen ray. Crepitus may be elicited. Great swelling may appear 
in the region of the fracture. 

It is highly probable that many cases of sprained ankle have been cases 
of fracture of the astragalus. If there is no displacement, treatment will 
consist in immobilizing the ankle joint with the foot held at a right angle 
with the leg. As soon as the swelling has begun to subside massage may 
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Fig. 1479.—Fracture of the neck of the astragalus. (x-Ray tracing.) 


be used to advantage and convalescence be thus hastened. The most 
satisfactory dressing is a plaster of Paris splint extending from the toes to 
below the knee, applied and immediately split open, so as to form a 
removable splint. This may be taken off for massage and passive motion. 
Recovery takes place with fair movement at the ankle joint, so that after 
from two months and a half to three months the patient can walk without 
support. After this time complete recovery is slow. More or less stiffness 
and pain may exist for four or six months after the accident. 

Fracture of the Os Calcis.—The os calcis is fractured by a fall on the 
sole of the foot, as well as by a powerful contraction of the gastrocnemius 
muscle and strong tension upon the tendo achillis. The os calcis is rarely 
fractured in children because the bone is largely cartilaginous and the foot 
is much more elastic than in adults. This fracture is more common in men 
than in women. It may be crushed, fractured transversely or longitudi- 
nally, or a piece may be torn off from its posterior portion near the insertion 
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of the tendo achillis (Fig. 1502). There may be a fracture of the anterior 
superior part of the os calcis due to indirect force, the weight of a truck 
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: Fig. 1481.—Frontal section of ankle 
Fig. 1480.—Dorsal view of bones of the foot. Tar- joint showing support of astragalus by 
sus, metatarsus, and phalanges. sustentaculum tali of the os calcis. 


(Courtesy, G. E. Musebeck.) 





A B 
Fig. 1482.—Fracture of the os calcis. (Dachtler.) 


foreing the leg of the man hauling the truck forward dorsally flexing the 
foot (Dachtler; Figs. 1481, 1482). The fracture lines will vary, but may be 
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linear or comminuted, entering the calcaneo-astragaloid joint or not, with 
or without displacement of the fragments, and with or without disturbance 
of the arch of the foot, at least that part of the arch into which the os calcis 


Cuneiform Scaphoid 





Fig. 1483.—Lateral view of foot showing longitudinal arch of foot. Note relation of individual 
bones on inner side of foot. 


enters (Cahill). The symptoms of fracture will be the usual ones of crep- 
itus, swelling, pain, and abnormal mobility. The heel is seen, by comparison 
with its uninjured fellow, to be enlarged, broadened. The malleoli approx- 
imate to the ground. This fracture is sometimes associated with fracture 


of the astragalus (Fig. 1507). 
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Fig. 1484.—An a-ray of the bones of the normal adult ankle and part of tarsus. Lateral view. 


A roentgen ray of the os calcis should be taken in both lateral, antero- 
posterior, and axial views, otherwise fracture lines may be overlooked and 
missed. The axial view is made as follows: a strip of 2-inch roller bandage 
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Fig. 1486. 





Fig. 1487. 
Fig. 1485.—Normal salient angle of 40 degrees in an uninjured calcaneus. The long axis of 
the talus is oblique. (Bohler.) 


Fig. 1486.—Salient of 20 degrees in a comparatively trivial fracture of the calcaneus. The 
axis. of the talus is almost horizontal. (Group 4.) (Béhler.) 


Fig. 1487.—Salient of 0 degrees in a severe fracture of the calcaneus. The tubercle of the 
calcaneus is displaced upward so that the line of the tubercle is higher than that of the joint. 
Axis of the talus almost horizontal. Lateral portion of the posterior articular facet driven into 
the bone. (Group 5.) Subluxation between the talus and navicular. (Group 7.) (Bohler.) 
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is placed in a loop about the anterior arch of the foot, the ends being held 
by the patient; the foot is drawn gradually into dorsiflexion; the film is 
placed beneath the heel and lower leg; the axis of the x-ray tube is directed 
onto the plantar surface of the heel at an angle of 45 degrees (Hermann) . 
Many of these fractures are wrongly diagnosed as sprain of the ankle or 
foot. Early treatment along the lines specified in this section will give 
good results. Treatment delayed or deferred is followed by less satisfac- 
tion. Hence the very great importance of accurate immediate recognition 
of the fracture. 

Diagnosis.—A fall from a height will very likely precede the fracture. 
The signs of fracture are broadening and swelling of the heel, inability to 
bear weight on the heel, swelling anteriorly of the sole of the foot, local 
tenderness over the os calcis. The sustentaculum tali is not often frac- 
tured by itself. Bohler’s tuberosity joint angle is a good index of the 
severity of the smash of the body of the os calcis. 

The lines (to obtain the angle) are drawn as follows: one from the 
highest point of the os calcis to the anterior angle and the other from the 
highest point to the upper part of the tuberosity. These two lines nor- 
mally make an angle of 140 to 160 degrees; with each other the comple- 
mentary angle is 20 to 40 degrees. This latter angle is called by Bohler 
the “tuberosity joint angle” or “salient angle.” After a fracture of the 
os calcis this salient angle becomes smaller, disappears entirely or is re- 
versed. 

The aim of the surgeon in treating a recent fracture of the os calcis is: 

1. To reform the injured bone. 

2. To hold it reformed until healing has occurred. 

3. To gradually secure (through heat, massage, movements) motion in 
the whole foot and ankle. 

4. To permit weight-bearing only at first gradually, protected by appro- 
priate splint. 

Treatment.—The treatment here outlined is that of Dr. Otto Hermann 
and is given essentially in his own words. 

The most common variety of fracture of the os calcis is that in which 
there is a rather formless comminution of the bone as a whole—the bone is 
broken through near a vertical plane, just in front of, or commonly 
through, the posterior articular surface between the astragalus and the os 
calcis, with a lateral broadening (“piling up”) and pushing up of the 
posterior part of the heel. 

Preliminary Treatment.—1. Roentgenograms are made upon admis- 
sion, a lateral and an axial view of both heels being taken. The films of 
the uninjured heel are used as a comparison for measurements of the 
injured one and also to detect any bone anomalies that might complicate 
the interpretation of the fracture. The axial view is made as follows: a 
strip of 2-inch roller bandage is placed in a loop about the anterior arch 
of the foot with the ends held by the patient; the foot is drawn into 
moderate dorsiflexion; the film is placed underneath the heel and the 
lower leg; and, finally, the axis of the w-ray tube is directed onto the plantar 
surface of the heel at an angle of 45 degrees. In severe cases, a third view 
is taken in an effort to see more clearly the subastragalar joint. 


1 Journal of Bone and Joint Surgery, July, 1937. 
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Since compression fractures of the lower spine occur not infrequently with os calcis 
fractures (in about 10 per cent of our cases) routine lateral and anteroposterior roentgeno- 
grams of the lower thoracic and lumbar vertebrae are made to rule out such fractures. There 
have been patients with fracture of the os calcis, complicated by spine fracture, who did 
not complain of any back discomfort. Therefore, such a roentgenographic check-up of the 
spine is now the rule in our first examination. 





Fig. 1488.—Operating kit excepting for the sawed-off crutch seen in use in Fig. 1492. A rolled 
sterile towel, a weighed 7-pound wooden mallet, a scalpel, tongs, Forrester clamp. 


From the roentgenograms of the os calcis the surgeon learns the exact 
amount of lateral expansion, the comminution present, the condition of 





Fig. 1489.—The injured foot placed on its inner, big toe, side on a sterile covered sand-bag. A 
sterile rolled towel is placed beneath the external malleolus, longitudinally with the foot. 


the astragalocalcaneal joint, the salient angle or angle of incidence, the 
location of the vertical and longitudinal fracture lines (one must plot these 
lines so as to avoid them in the placing of ice tongs during reduction) , the 
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condition of the sustentaculum tali, and, finally, the existence or nonexist- 
ence of subluxations between the os calcis and the cuboid, or between the 
astragalus and the scaphoid. 

2. The emergency teatment is very simple—the foot and lower leg are 
encased comfortably in a “pillow and sides” splint with appropriate bleb 
dressings and an ice-bag if deemed necessary. 

3. A one- or two-day preparation of the skin is given as soon as the 
acute local reaction has subsided, which may be from one to ten days. 

Reduction and Fixation—1. The operating kit consists of a tightly 
rolled sterile towel, a sand-bag with a sterile cover, a 7-pound large wooden 
mallet, a pair of bone tongs, the Forrester bone clamp, a sawed-off crutch, 
a scalpel, a sterile dressing, and two rolled pieces of felt bound by adhesive 
(4 inches by 1% inches). Besides this kit, there is the usual sheet wadding 
and plaster of Paris bandages. 





Fig. 1490.—Solid heavy blows of the hammer break up the impaction and the piled-up bone 
beneath the external malleolus is forced away and into position. 


2. Local anesthesia is never used. Generally a light-dosage low spinal 
anesthesia, or a gas-ether anesthesia, is employed. 

3. The technic is as follows: 

The patient is turned on the side opposite the injury and a sand-bag is 
placed under the inner side of the heel. The tightly rolled towel is placed 
beneath the external malleolus and then, with solid heavy blows, the piled- 
up bone beneath the external malleolus is pounded down until the normal 
depression beneath the external malleolus is restored. Roughly, we gage it 
by placing the thumb in this depression and, if the thumbnail is on a level 
with the outer surface of the external malleolus, we are satisfied. Offhand 
it would seem that such heavy pounding would cause terrific bruising of 
the tissue, with resulting necrosis. The tightly rolled towel with the 
broad-faced mallet precludes such damage. 

The heel is quickly molded by hand, and the various motions are 
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tested. The testing of motions, particularly the lateral, is important. It 
has been pointed out that by doing this the reduction may be lost in part 
or in whole. If no test is made it will not be known whether there still 





Fig. 1491.—The thumb of the surgeon can now easily be placed in the depression beneath 
the external malleolus after the hammer blows have been accurately made. The heel can be 
molded somewhat by the fingers and hand after the pounding. 


exists a submalleolar bone block, and whatever is lost at this stage in the 
reduction is regained immediately by the traction and remolding. 

With the scalpel, small stab wounds are then made in the upper pos- 
terior part of the heel (care being taken that no fracture lines are entered, 





Fig. 1492.—Small incisions with the scalpel are made an inch above the apex of the heel. 
The tongs are driven into the os calcis and locked. Traction is made, in a rotary fashion, down- 
ward and upward with countertraction exerted against the sawed-off crutch—just proximal to 
the calcaneocuboid joint. : 


these having been previously located by w-ray). The tongs are driven 
in and locked, and with countertraction from the crutch, which has its 
handle resting against the operator’s abdomen or chest and the cross bar of 
the sawed-off end resting against the sole of the foot in the line of the 
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calcaneocuboid and the astragaloscaphoid joints, traction is made. This 
pull begins in a downward and outward direction and, with well-sustained 
traction, it is carried upward and toward the operator. This type of pull 





j 


Fig. 1493.—The Forrester clamp is adjusted to the os calcis at first under the external 
malleolus. The os calcis then is remolded systematically while countertraction is exerted in the 
calcaneocuboid region of the sole of the foot as is illustrated in Fig. 1492. 


was adopted to overcome the posterior vertical pull of the calf muscles 
through the tendo achillis and the inferior horizontal pull by the intrinsic 
muscles of the foot. 





Fig. 1494.—Small sterile dressings are placed over the two stab wounds of the heel, over the 
dressings is placed a snug roll of felt, 4 14 inches, horizontally beneath each malleolus. 


The tongs are now removed and the heel remolded by the use of the 
Forrester bone clamp. When the desired compression has been obtained 
by this clamp, the traction is again applied through the clamp. The 
entire heel is carefully and systematically molded in this fashion. 
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The heel is now again examined manually. (At this point check-up 
roentgenograms are taken for check-ups through a plaster cast are quite 
unsatisfactory.) 

Tightly folded sterile dressings are placed over the stab wounds in the 
heel and held in place by a sterile gauze strip. A snug roll of felt, 4 mches 
by 144 inches, is now carefully placed at a very slightly oblique angle be- 
neath each malleolus. 

A low plaster of Paris splint is then applied with the foot in slight 
inversion and in extreme plantar flexion. While this cast is hardening, 
manual pressure is applied over the pad areas. 

After-care—1. The first plaster splint is removed in two weeks. The 
submalleolar pads are carefully replaced and, with the foot at right angles, 
a new cast is applied. 





Fig. 1495.—A plaster of Paris splint is applied (by a roller plaster) with foot slightly inverted 
and in plantar flexion. While this plaster of Paris splint is hardening pressure is made over the 
pads of felt so as to snug them closely against the submalleolar space. 


2. A new plaster splint and pads are applied every two weeks up to ten 
or occasionally twelve weeks. Thus is maintained constant snug pressure 
beneath the malleoli. (This constant localized pressure surely retards 
callus formation.) 

3. After removal of the last plaster splint, the special ambulatory os 
calcis splint (for which the patient has been measured just before applica- 
tion of this plaster splint) is applied at once. This immediate application 
of the brace (Fig. 1497) is important, since the pressure pads will be more 
effective than if applied later when edema is present. 

4. Daily massage, active foot and ankle motions, gradually increasing 
toe and heel and foot-rocking exercises, supination plank-walking, and 
radiant heat or hot soaks are also begun after removal of the last splint. 
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5. Full weight-bearing without crutches, but with an ambulatory 
splint, is begun ten days or two weeks after omission of the last splint. 
By that time, the foot, ankle, and leg muscles should have regained their 
lost tonicity by the daily physiotherapy routine. Greater comfort during 
the beginning of this weight-bearing period may often be obtained by a 
%-nch Thomas heel and well-fitting inner sole with a pocket for anterior 
and plantar arch pads. 

6. At the end of another six weeks (four and one-half months following 
initial reduction), the ambulatory splints are gradually discarded, and the 
patient instructed as to more strenuous foot exercise and increased walk- 





Fig. 1496.—The complete plaster splint with Fig. 1497.—The convalescent splint at- 
= pads and foot in ae tached to the shoe, showing the adjustable 
pads attached to the uprights. 


ing on rough surfaces. It is during the early part of the direct weight- 
bearing period that careful record is made of the patient’s pain symptoms. 
If the patient complains of persistent pain in the affected subastragalar 
joint region, and the original fracture was of the intra-articular type and 
comminuted, then and then only is fusion of the subastragalar joint con- 
sidered. In the rare case, where there was originally marked subluxation 
in the calcaneocuboid or astragaloscaphoid joints, which has not been 
wholly corrected, and the patient has definite pain there, a triple arthro- 
desis is considered. Again, where there is definite pain in the tendo achillis, 
a lengthening of that tendon is considered. Where there is submalleolar 
impingement pain, due to a repiling-up beneath the external malleolus, the 


1038 FRACTURES OF THE BONES OF THE FOOT 


so-called “scoop” operation is considered. Finally, in the very exceptional 
case, where the heel has been drawn up markedly and has not been success- 
fully pulled and held down, giving a resulting flat (or worse) heel, a 
“Gleich” operation is considered. 

The results in Hermann’s latest series of cases were based on an accu- 
rate study of the progress of every patient over a period varying from six 
months to five years. A total of 152 acute fractures of the os calcis, of 
the crush type, were treated by this method and were under supervision 
during convalescence. The end-results were classified as: “good,” “fair,” 
and “poor.” : 


END-RESULTS IN 152 Cases or FRAcTURE OF THE Os CALCIS 


Result. Cases Per cent. 
Good—full function 6 to 7 months................. 111 73 
Fair—full function 7 to 18 months................- Q1 14 
Poor— persistent painac. ote oie ete cle ae 20 13 

HL Otalin tus cae ernie a Siete Rie ek eee 152 100 


Dr. Hermann’s Conclusion.—The real advance made in the conservative 
treatment of fracture of the os calcis is in the after-care. The reduction 
and molding method is quite simple, safe, efficient, nondestructive, and 
easily mastered. The routine after-care maintains the initial reduction 
and molding and prevents the formation of excess callus (especially in the 
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Fig. 1498.—Fracture of the astragalus. Fig. 1499.—Fracture of astragalus. Frac- 


Patient fell 10 feet to ground, September, 1900. 
“Sprained ankle.” «-Ray, fracture of neck of 


ture due to direct violence, from heavy bar 
falling on foot, May, 1904. Plaster of Paris 
bandage. 


right astragalus. 

March, 1901. Bad result. Useless foot. 
Partial ankylosis. Partial astragalectomy. 
(Brooks.) 

May, 1905. Foot slightly inverted, longi- 
tudinal arch raised, no lateral motion, no 
flexion, 10 degrees of extension. Painful foot. 


Bad result. (Cabot, Binney.) 


July 4th. Trendelenburg osteotomy. 

May, 1905. Painful foot. Forward dis- 
placement of foot on leg. Exaggerated longi- 
tudinal arch. Deformity not wholly corrected 
by operation. Marked inversion. Flexion 
good. Extension limited. Lateral motions 
limited. Bad result. (Cabot, Binney.) 


submalleolar region), with its painful and crippling sequelae. It provides 
the specially placed, constant, snug pressure which we have found essen- 
tial for a good end-result. 

Fracture of the posterior part of the upper edge of the os ecalcis with 
displacement usually upward. The reduction is usually easy (Fig. 1502). 
A crushing or smashing fracture with the lines of fracture entering or not 
entering the subastragalar joint (Fig. 1504). 


HERMANN’S CONCLUSION 
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Fig. 1500.—Fracture of astragalus. Foot 
run over by heavy team, February, 1902. 
Treated by natural bone setter. a-Ray shows 
fracture of neck of astragalus. Operation ad- 
vised and refused. 

September, 1905. Painful foot. Much 
inversion, large bony fragment on dorsum 
(head of astragalus). Flexion fair. Extension 
poor. No lateral motion. Foot very flat. Bad 
result. (Cabot, Binney.) 





Fig. 1502.—Fracture of the os calcis. A 
good example of small heel fragment type of 
fracture. Caused by slipping while getting on 
a street car, apparently by sudden contraction 
of calf muscles. Operation refused. Result 
unknown. 


(Cabot, Binney.) 





Fig. 1504.—Fracture of the os calcis 


The calcaneo-astragalar joint is in- 


(right). 
(Cabot, Binney.) 


volved in the fracture. 
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Fig. 1501.—Fracture of astragalus. 2-Ray 
shows impaction of astragalus, especially in 
central portion, with lowering of ankle joint. 
(Cabot, Binney.) 





Fig. 1503.—Fracture of the os calcis 
Shows another type of comminuted fracture of 
the anterior half of the os calcis. Note great 


flattening of longitudinal arch. Result unre- 
(Cabot, Binney.) 


corded. 





[ew eis 


Fig. 1505.—Fracture of os calcis (left). 
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It is usually the case after fracture of the os calcis and also after frac- 
ture of the astragalus, in which complete reduction has not been secured, 
that there is considerable disturbance of the normal mechanism of the foot. 
A traumatic flatfoot results from the accident. This can be greatly relieved 
by the introduction into the shoe of a leather pad to raise the instep and 
take the strain off the injured part. The patient may find that for a period 
of six months or more the wearing of this pad is a great support and com- 
fort. If the use of a flatfoot support does not relieve these old cases an 
osteotomy must be considered as helping to secure a restoration of the 
arch. The hot-air baking is very satisfactory for the relief of the pain 
and stiffness felt throughout the ankle and foot. The hot-air treatment, 





Fig. 1506.—Employment of wrench in correcting eversion of foot following fracture of os calcis. 
(Magnuson.) 


combined with massage, helps to hasten convalescence. This treatment 
should be used once daily until the pain in the foot has disappeared. 

If there is a dislocation of a portion of the astragalus, either the frag- 
ment must be accurately reduced or, if this is impossible, the fragment 
should be removed. 

If there is a compound fracture of the astragalus, and the time elapsed 
since the injury is several hours, it will be unwise to assume that the wound 
can be completely cleansed. Excision of the fragment or of the entire as- 
tragalus will be the most conservative treatment. At the same time thor- 
ough posterior drainage should be provided by a rubber tube for the cavity 
left after excision . 
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Following a fall a child may complain of lameness and foot pain, or 
there may be no complaint, the child purposely concealing evidences of 
discomfort. If the foot as such a child is carefully examined there may be 
found a tender area over the os calcis. The tenderness will often cor- 
respond to a linear fracture, without displacement. If this is allowed to go 
unrecognized and without treatment a chronic difficulty may result which 
will be painful and slow in healing. Suitable protection to such an injury 
will cause it to disappear quickly. 

Operation for Correction of Deformity Following Fracture of the Os 
Calcis.—The indications for this operation, as outlined by Magnuson, are 
as follows: 

Fracture through the body of the os calcis with the posterior fragment 
somewhat everted and carried upward. 

Where there is a callus formation behind and underneath the external 
malleolus, with pronation of the foot and pain in the arch, due to faulty 
weight-bearing. 






— Seat of fracture 


al }Sesamoid bones 


Fig. 1507.—Posterior view of fracture of _ Fig. 1508.—Fracture across the first metatarsal 
right os calcis and of left astragalus. Deform- of the right foot. (-Ray tracing.) 
ity. Note fulness each side of the tendo achillis. 
(See a-ray tracing, Fig. 1497.) 


If there has been a fracture into the astragalocalcaneal joint, with cal- 
lus formation and roughening in this joint, the operation gives very little 
relief except in so far as the pain behind and underneath the external mal- 
leolus is concerned, which is purely due to pressure on the tendons running 
behind the external malleolus. The operation of itself relieves this condi- 
tion only, the strong eversion of the foot with the wrench moving the os 
calcis over on the astragalus and inverting the foot and maintaining it in 
inversion until the external ligaments of the ankle jomt are healed and 
the internal contracted, is the thing, of course, which gives relief to the 
faulty weight-bearing. 

The operator must have sufficient confidence in his judgment to carry 
this eversion far enough if the operation as a whole is to be successful; 
and it is true that one feels sometimes that he is tearing the whole foot off 
with the amount of pressure that must be used. 

Especial attention should be called to the placing of the two arms of 
the wrench. The distal arm is to be placed underneath the internal mal- 


66 


1042 FRACTURES OF THE BONES OF THE FOOT 


leolus, against the inner surface of the astragalus, and the proximal arm 
of the wrench against the outer and lower margin of the os calcis. These 
two points must be maintained with one hand while the operator strongly 
inverts the foot by the use of the other on the handle of the wrench, and 
the inversion must be carried out until the astragalocalcaneal joint is 
everted and strong inversion can be maintained after the wrench is taken 
off. 

Open fracture of the astragalus and os calcis, if treated antiseptically, 
recovers with a useful ankle and foot even though the ankle joint is anky- 
losed. The mediotarsal joint becomes more flexible than it ordinarily is. 
The loss of motion at the ankle joint is compensated for by the mediotarsal 
joint motion, and the individual may walk with hardly a perceptible limp. 
Removal by operation of the fractured bone is attended by good functional 





Fig. 1509.—Fracture of the sesamoid bone Fig. 1510.—Transverse fracture of the fifth 

of the metatarsophalangeal joint of the left metatarsal bone. 

foot. An unusual injury, but to be reckoned 

with when persistent pain is present after an 

injury in this region. There is a sesamoid bone 

on each side of the head of the first metatarsal 

—one in each tendon of insertion of the flexor 

brevis hallucis. (C. Painter.) 


results, and if the bone is much comminuted or dislocated, operation is in- 
dicated. A careful study of the results of fracture of the astragalus and 
of the os calcis, as published by Cabot and Binney and recorded here in 
x-rays (Figs. 1498-1505), will prove helpful. 

Fracture of the Scaphoid of the Tarsus. Fracture of the Metatarsal 
Bones.—This fracture of the scaphoid is caused by direct violence. There 
is evidence to show that indirect violence may cause a fracture of meta- 
tarsal bones. The first and fifth bones are the most often broken (Fig. 
1508). The symptoms are swelling, pain, crepitus, and abnormal mobility. 
The weight cannot be borne upon the foot without pain. There is never 
great displacement. In order to avoid trouble in walking, after union has 
occurred it is wise to make the approximation of the fragments as nearly 
accurate as possible. A closed or simple fracture is ordinarily uncompli- 
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cated. Union takes place in from three to four weeks. It will be at least 
from two to four months before the foot can be used without thought of 
the injury received. 

If the fracture is open, repair may be slower than after a closed fracture. 
If the wound is kept clean and free from infection no complications will 
arise. If, on the other hand, the wound becomes infected, necrosis of bone, 
abscess formation, burrowing of pus, and great swelling of the foot may 
occur, all of which will greatly delay the healing process. The foot should 
be immobilized by a lateral molded splint of plaster of Paris. This should 








Fig. 1511.—Note fractures of the sesamoid and the heads of the metatarsal bones. (P. G, Skillern, 
Jr., in Annals of Surgery.) 


be placed upon either the outer or inner side of the ankle, according as 
the outer or inner metatarsals are broken. The splint should extend from 
the middle of the calf of the leg to the tips of the toes. It is held in posi- 
tion by a roller bandage of gauze. 

Fracture of the Phalanges of the Foot.—These fractures are rather un- 
usual, except from a crush of the foot. They are sometimes open. The 
same general rules of treatment apply to fractures of these bones as to 
fractures of the phalanges of the hand. A simple plantar splint of splint 
wood, padding of the toes, and adhesive plaster straps will be sufficient 
to hold the fracture. If the plantar splint covers the entire sole of the 
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Fig. 1512.—Note multiple fractures of the foot. (P. G. Skillern, Jr.) 

foot, it will prove of great comfort. It is sometimes wise to immobilize 
the ankle joint by the thin plaster side splint, particularly if there is 
swelling of the leg and ankle. 


OSTEOPOROSIS 


Following the investigations of Sudeck, Hermann and others the evi- 
dence that has accumulated makes it clear that a posttraumatic osteo- 
porosis is a clinical entity frequently overlooked and that it may be 
responsible for the disability which some patients have long after fractured 
bones have become firmly united. 

It is common knowledge that bones immobilized for some time lose 
mineral salts and therefore are more permeable to a-rays. This form of 
bone atrophy is of comparatively little clinical importance. It is recovered 
from and is symptomless. 

True osteoporosis is characterized by loss of motor function of the 
extremity; characteristic w-ray appearances; the important coexistence of 
vasomotor and trophic disturbances and true pain in the part involved. 
The pain is out of all proportion to the trauma and is usually unrelieved by 
proper immobilization of the part. 

A common clinical form of true osteoporosis is seen after fracture of 
the wrist or ankle even after satisfactory reduction of the fracture. After 
two or three weeks the part is swollen, discolored; the motion is painful 
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and physical therapy is ineffective. The x-ray discloses acute and chronic 
changes—a mottled appearance of the bones, thinning of the cortex of the 
bone, a general loss of mineral salts (Figs. 1513-1515) . 

The treatment of true osteoporosis has been largely symptomatic. 
Gurd believes that a clinical cure can be obtained by conservative meas- 
ures. The time required may be six months or longer before relief is 
permanent. Getting rid of edema by elevation of the limb, when the 
lower extremity is involved, a skin-snug plaster of Paris splint arranged 
by proper padding for weight-bearing is applied. In case the upper 
extremity is involved diathermy and active movement are indicated. 


V 





Fig. 1513.—Extensive patchy decalcification of the bones of the hand four months after Colles’ 
fracture. (Hermann.) 


Hermann has developed a treatment by periarterial sympathectomy. 
This operative procedure is sufficient especially for cases of the disease 
where limited to the distal part of the extremities. 

Cases of true posttraumatic osteoporosis treated by periarterial sym- 
pathectomy during the initial stages of the disease respond favorably 
and quickly and the undesirable sequelae of the disease are prevented. 
It is important to study carefully the w-ray findings in cases having 
protracted pain following fracture of the long bones in the neighborhood of 


joints. 
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Fig. 1514.—Roentgenograms showing the effect of periarterial sympathectomy upon post- 
traumatic osteoporosis which was still in the early stage of evolution. A, One month after the 
Colles’ fracture. B, Two months after the periarterial sympathectomy. (From Fontaine and 
Hermann, Annals of Surgery, 97: 26, 1933.) 





Fig. 1515.—-Posttraumatic painful osteoporosis of the bones of the right foot eight weeks after 
simple torsion of the ankle without demonstrable fracture. (Hermann.) 


CHAPTER XL 


SPECIAL OPERATIONS 


In this chapter are grouped certain fractures requiring particular men- 
tion. It is recognized that any fracture may need operative treatment 
under peculiar conditions. Compound or open fractures, ununited frac- 
tures, old deformed fractures with disabling symptoms will always require 
operation. 


FRACTURE OF THE MANDIBLE. CONDUCT OF BONE PLASTIC ON THE 
MANDIBLE, ILLUSTRATED 


Cole has clearly described and illustrated the steps followed by him in 
grafting a fracture of the mandible with some loss of substance. He has 
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Fig. 1516—Anesthesia through Fig. 1517.—Operative field securely protected by sterile 
pharyngeal tubes. towels. 
(P. P. Cole, British Journal of Surgery, vol. 6, p. 67.) 


taken the graft from the tibia or from the rib or has employed a pedicle 
graft from the mandible itself. Consult the accompanying illustrations for 
the essential operative details of Cole’s methods. 
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Fig. 1518—Curved incision under chin to expose the seat of fracture. (P. P. Cole, British 
Journal of Surgery.) 
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Fig. 1519.—Each fragment is exposed, cleaned, freshened, and shaped satisfactorily. (P. P. 
Cole, British Journal of Surgery.) 






























































































































































Fig. 1520.—Removal of graft from tibia of patient. Size and site of graft outlined by knife. 


The small plates screwed to the graft before the detaching cross cuts are made. (P. P. Cole, 
British Journal of Surgery.) 
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Fig. 1521.—Securing the tibial graft. Circular saw cutting longitudinally. Protecting guide 
used. (P. P. Cole, British Journal of Surgery.) 
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Fig. 1522.—The wound in the skin has been closed and a drainage tube left in situ temporarily 
for twenty-four hours. (P. P. Cole, British Journal of Surgery.) 





Fig. 1523.—Removal of the rib graft. Screws fixed in graft before removal of rib. (P. P. Cole, 
British Journal of Surgery.) 
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Fig. 1524.—The same technic in taking a rib graft is used as is used in taking graft from 
the tibia. The rib graft is introduced and fastened by small screws. (P. P. Cole, British 
Journal of Surgery.) 
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_ Fig. 1525.—The graft is fixed in the gap between maxillary fragments by two screws attach- 
ing each plate to the corresponding fragment of the fracture. (P. P. Cole, British Journal of 


Surgery.) 
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Fig. 1527,—Fracture of the inferior maxilla. Cutting a pedicled flap from the anterior fragment. 
(P. P. Cole, British Journal of Surgery.) 





Fig. 1528.—Drilling holes in pedicled graft and bed for receiving wire suture to hold graft in place. 
(P. P. Cole, British Journal of Surgery.) 
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Fig. 1529.—The wires passed through the pedicled graft tightened and twisted will secure 
and maintain firm contact between graft and freshened fragments. (P. P. Cole, British Journal 
of Surgery.) 
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Fig. 1530.—The soft parts are approximated by interrupted sutures of catgut. The skin is closed 
and the wound is drained for twenty-four hours. (P. P. Cole, British Journal of Surgery.) 


HUMERUS 


It is often difficult to immobilize thoroughly and completely a fracture 
of the shaft of the humerus, particularly if it is of the middle third of the 
bone. I have therefore presented in Fig. 1531 a method of adequate 
immobilization and support. This method is in quite general use and is 
effective. 


Fig. 1531.—Fracture of the shaft of the left humerus at the deltoid insertion. Impossible 
to secure bony contact. Muscle interposition. Operation. Reduction of fracture. Sherman 
plate applied. Note the use of plaster of Paris to provide a splint which will maintain absolute 
immobilization and support of the distal fragment. The action of gravity, tending to distract 
fragments and put undue strain on screws and plate, is thus eliminated. Union resulted with a 
functionally useful arm, elbow and shoulder. 


The reduced fracture, after operation or without open reduction, is sur- 
rounded by thin, correctly prepared and applied coaptation splints. A 
plaster of Paris splint is applied by plaster of Paris bandaging so as to 
encircle the thorax and affected shoulder and upper extremity. This splint 
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is put on quite snugly. The very great advantage of this form of splint is 
the complete support which it gives below the bent elbow. The distracting 
force of gravity through the weight of the forearm, tending to pull the 
lower fragment away from the upper fragment, is completely eliminated. 

Gravity, unostentatiously and quietly acting, is a very powerful factor in 
causing the displacement of fracture fragments. The assistance of gravity 
in the reduction of fractures is recognized quite generally. Notice that 
(Fig. 1531) the patient, a woman, can use the wrist, hand, and fingers. 
She was encouraged to do so. 


FRACTURE OF THE CLAVICLE 





Fig. 1532.—Illustrating the manipulative operation used by Brockway in certain fractures of 
the clavicle in which a bone graft is inserted. 


FRACTURES OF THE ELBOW 


The lower epiphyseal line of the humerus is a considerable distance out- 
side the joint line on the outer or radial side and quite near it on the inner 
or ulnar side (Fig. 1533) . 

Anteriorly and posteriorly the epiphyseal line is intra-articular. In 
separations of the epiphysis the external lateral epicondyle, forming a part 
of the epiphysis, is also displaced with it. 

The inner medial epicondyle remains attached to the shaft. Both ulna 
and radius are displaced with the epiphysis. 
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A nail driven through the external lateral epicondyle into the diaphysis 
will not enter the joint and will hold in position the replaced epiphysis 
(Fig. 1533). 








Epiphyseal line 


Medial epicondyle 


Diaphysis “y 


Synovial membrane 


Synovial membrane 





Fig. 1533.—A coronal section of the elbow joint. The downward growth of the shaft be- 
tween the medial epicondyle and the trochlear surface is well shown. The lateral epicondyle 
is below the epiphyseal line and belongs to the epiphysis. The medial epicondyle does not belong 
to the epiphysis. The lateral epicondyle is obviously the key to a safe and effective fixation of 
the epiphysis by pin, nail, or screw. The shaft above the epicondyle is accessible on either side 
along the supracondylar ridge. (After Thompson.) 


Hy 


Certain T or Y fractures of the elbow or lower end of the humerus are 
really transverse fractures above the condyles with vertical fissures into 
the elbow joint. They can be sometimes fixed by nails which do not 
penetrate the elbow joint. 





Fig. 1534.—Injury to the external condyle Fig. 1535.—Note reduced external con- 
(Fig. 1535). (Archibald Young.) dyle. It is held fixed by a fine brad or sprig 
driven through it into the shaft. (Archibald 

Young.) 
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One nail may be made to enter at the external lateral epicondyle and 
pass transversely across the capitellum and trochlea. Another nail enter- 
ing near the first but a bit above passes upward and internally through the 
external epicondyle on into the lower end of the shaft. 





£ 


Fig. 1536—Same elbow as seen in Fig. Fig. 1537.—Same as Fig. 1535. Lateral view. 
1535, one and one-half years after operation, 


showing that diaphyseal and epiphyseal growth 
has gone on normally. (Archibald Young.) 


The lateral external epicondyle is really the key to the treatment of 
these epiphyseal fractures (Thompson) . 


FRACTURES OF THE OLECRANON 


The Operative Treatment of Fresh Fracture of the Olecranon.—Con- 
siderable disability may result after an olecranon fracture, especially if 





Fig. 1538.—Fracture of olecranon process of the ulna in a male twenty years old. (G. F. Berg, 
Pittsburgh, Pa.) 
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there is much separation of the fragments and if the lateral fascia is very 
considerably lacerated. In such cases, and in cases in which it is difficult 
to approximate the fragments, and in those cases in which associated in- 
juries require the elbow to be placed in either the acutely flexed position 
or a right-angled position, immediate suture of the fracture will be found 
advantageous. 

If the fracture is a closed one and operation is decided upon, a wiring 
of the small proximal fragment to the ulnar shaft through a skin incision 
is wise. I believe operation through an open skin incision is wiser than at- 
tempting accurate approximation of fragments through subcutaneous 
means. If the fracture is an open one the compound wound can be readily 
utilized unless there are real contraindications. 
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Fig. 1539.—Olecranon fracture held reduced by a nail as per roentgen ray. Same case as Fig. 
1538. Perfect functional result. (G. F. Berg, Pittsburgh, Pa.) 


This may be done subcutaneously, as suggested by Murphy (Fig. 
1540). In subcutaneously suturing the fragments the wire is passed 
through the shaft of the ulna and the olecranon fragment or tendon of the 
triceps by being carried into transverse drill holes which have been placed 
through four tiny incisions to the bone in the soft parts. The wire is 
twisted as the fragment approximates to the shaft and is cut and buried 
beneath the skin. A single suture closes each of the four tiny extra- 
articular incisions. The elbow is then immobilized in a sling or an internal 
elbow splint. Active motion should be begun after suture—as early as 
the end of forty-eight hours—there being no contraindications (other com- 
plicating fracture, very great joint swelling, or great damage to the soft 
parts about the elbow). 

Associated Lesions Following a Colles’ or Wrist Fracture—Rupture of 
the tendon of the extensor longus pollicis muscle. The extensor tendons 
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lie in deep grooves on the dorsum of the radius and, as Ashhurst points out, 
they may be easily caught by adhesions and a spontaneous rupture pro- 
duced a number of weeks after a fracture of the radius. This occurred in 
a case reported by Ashhurst. The patient was a naval medical officer, so 
his observations may be taken as skilled. About four weeks after the frac- 
ture of the styloid of the radius complete loss of function appeared in the 
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(Murphy.) 


t of wire; c, hole drilled in bone for passage of wire 
through tendon of triceps. 
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Fig. 1540. 





extensor longus pollicis muscle. At operation for suture of the tendon 
complete division of the tendon was found. Subsequent recovery of 


muscle action was complete. 
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FRACTURES OF THE LOWER END OF THE RADIUS 


Old Fractures at the Lower End of the Radius (Colles’ Fractures) .— 
Colles’ fractures showing bony union with marked deformity should be 
corrected by operation, especially if the wrist is functionally impaired. 
Colles’ fractures two or three weeks old may be refractured manually, if 
necessary, to correct existing deformity. The ease of refracture and the 
limits in time within which it is possible will vary with individual cases. 
In a recent case in a young adult the deformity can be corrected and the 
function improved by operative interference. | 

In an old fracture (three to six months or older) the anteroposterior 
deformity can be corrected, usually not the lateral deformity, and the pain 
relieved, but the function of the part cannot ordinarily be very much im- 
proved. The difficulties in each individual case and the likelihood of im- 
proving the appearance of the wrist or its function should be carefully 
considered before operating. 

Method of Operating —Accurate understanding of the displacement (an 
a-ray); ether anesthesia; careful preparation of the skin of the forearm and 
hand; the patient’s hand covered with a sterile rubber glove; a tourniquet 
applied over a folded towel just below the elbow, these are essential prepa- 


VJ 
Fig. 1541.—Colles’ fracture plaster splint, illustrating a position of pronation, adduction, 


and wrist flesion in which it may be necessary to place the hand after reduction of certain cases 
of Colles’ fracture. (Massachusetts General Hospital Conference.) 


rations for a satisfactory operation. With practice the tourniquet may be 
dispensed with. Rest the forearm, the hand of which is held semipronated 
by an assistant, on a table. Make an incision on the external surface of 
the wrist about 144 to 2 inches long, the center of which is over the 
fracture (Fig. 1543). A radial vein may be encountered, which may be 
ligated or drawn to one side. Expose the tendons of the extensor brevis 
pollicis and supinator longus muscles. Approach the line of fracture in 
front of and behind these tendons without disturbing them much. No 
other tendons need be encountered or at least much disturbed. Expose 
the fracture, using small periosteum elevators. Keep close to the bone and 
expose the line of fracture for the full width of the radius front and back, 
reaching nearly to the radio-ulnar articulation. This is done with the 
retractors pushing the soft parts away from the bone without opening any 
tendon sheaths. By means of a small bone drill numerous perforations 
are made in the line of union so as almost to sever the lower fragment. 
The separation is then completed by means of small chisels. The retrac- 
tors guard the soft parts against injury. Gentle force is used so as to 
entirely free the lower fragment. It will be possible now to correct the 
backward and forward displacement. Sometimes the position is made 
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more satisfactory if the projecting anterior border of the lower end of the 
upper fragment is removed with narrow-bladed rongeur forceps. Lothrop 
has described this method. 





Fig. 1542.—Fracture of the lower end of the radius (Colles’ fracture). Operation for cor- 
rection of the deformity. The skin incision exposes the radial nerve, the extensors of the thumb 


and wrist. More anteriorly may be seen the radial artery. 





Fig. 1543.—Fracture of the lower end of the radius (Colles’ fracture). Operation for cor- 
rection of deformity. Note place of incision—line of fracture deformity, distal fragment dis- 
placed backward, proximal fragment displaced forward; the radial nerve with the extensors of 
the wrist are retracted backward, the extensors of the thumb are retracted forward; the insertion 


of the supinator is exposed, beneath which lies the line of fracture. 


The prominent ulna is an unsightly deformity. A shortening of the 
ulna will permit of accurate apposition of the radial fragments and will 


probably avoid ulnar deformity. 
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This shortening of the ulnar shaft is best done near to, but away from 
the wrist joint, and may be most easily done subperiosteally with the Gigli 
saw through a short skin incision (Darrach). It may or may not be wise 
to suture the divided ulna with absorbable suture to maintain accurate 
apposition. The wounds are not drained. Obviously, this complete opera- 
tion upon radius and ulna is applicable to selected cases of old deformed 
fracture. Berg has lengthened the radius in appropriate cases. 

The care of the wrist after operation is like the care following an ordi- 
nary recent uncomplicated fracture. 


FRACTURE OF THE METACARPAL BONES 


An important contribution to the surgery of the hand following fracture 
has been made by Mitchell. Note the case reported in the accompanying 
illustrations (Figs. 1544, 1545). 





Fig. 1544,—Ununited fracture of the third metacarpal bone with some loss of substance of the 
shaft. Before operation. (A. P. Mitchell, Edinburgh.) 


Nonunion in Fracture of the Neck of the Femur.—F actors in nonunion: 
An important reason for union in fractures of the neck of the femur is 
the accurate reduction of the fracture. The chief reason for failure of 
union is nonreduction of the fracture. Unless fractured surfaces are in 
contact, osteogenesis will not be sufficient to result in union. Nonunion 
is inevitable. 

Observations on the conditions found when nonunion cases have been 
operated on determine that interposition of parts of the capsule of the hip 
occurs. Moreover the capsule is found adherent densely to the proximal 
fragment’s irregular surface. The capsule has also been found constricted 
as an hour-glass between the fragments (Wilson) . 
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Careful and difficult dissection is required to remove this fibrous tissue 
from the bone. 

The relation of the blood supply of the head of the bone and proximal 
fragment to nonunion is entirely unsettled as yet. 

In cases of nonunion the bony neck of the femur is ordinarily found 
atrophied and partially, at least, absorbed. There is thinning of the 
proximal fragment and of the pelvis on the side of the fracture (Hitzrot). 

It is surprising, however, how frequently the roentgen ray will record a 
very considerable disappearance of the neck of the femur when on exposing 
the neck at operation a far greater amount of the neck will be found pres- 
ent than the roentgen-ray observation would lead one to expect. 

Some patients treated by the proper method are allowed to bear weight 
too early. Coxa vara or the complete fracture of the callus and a true 
nonunion may result under these conditions. 





Fig. 1545.—Result of tibial bone graft of case in Fig. 1544 sixteen months following operation. 
(A. P. Mitchell, Edinburgh.) 


Cases of ununited fracture of the hip present a pitiable handicap. Usu- 
ally they get about with crutches or a crutch and a cane—bearing more or 
less body weight on the damaged hip. Occasionally locomotion is impos- 
sible. There is pain in going from the resting position to one of activity. 
There is pain in the hip at night. Further shortening and upward dis- 
placement of the distal fragment takes place as the individual moves about 
and uses the hip or lower extremity in locomotion. The discomfort will be 
greatest when the fragments of the neck are in fairly close contact. The 
discomfort will be least with wide separation. 

The Condition of the Aged Patient.—In general, there is liable to be 
some mental depression, and this depression will be accentuated by the 
accident and the handicapped physical condition. 


1062 SPECIAL OPERATIONS 


The Local Condition.—The limb will be atrophied. The circulation 
will be slow and poor in the extremity. The foot and ankle will often be 
cold. The knee and ankle joints will be limited in movement, associated 
with certain periarthritic and arthritic changes. The reparative processes 
will be slow. The treatment under the best conditions will be difficult and 
the outcome of treatment will be uncertain. The functional result at the 
very best will be imperfect. 

Types of Cases of Nonunion of the Neck of the Femur.—Old fractures 
with so much absorption of the neck toward the great trochanter and 
toward the acetabulum that the abducted position brings the shaft against 
the acetabulum and actually causes a separation of the fragments—no bony 
contact. (a) An exposure and freshening of the bony surfaces will be 
indicated and treating the fracture as a recent injury by lifting the distal 
fragment forward, rotating the limb inward, making traction to normal 
length, and abducting to the limit. All, of course, is done under an anes- 
thetic. The angle of the neck is restored. (b) An autogenous bone peg 
may be indicated. (c) A stabilizing operation may be done. 

Cases Untreated for Many Days After the Accident—Much shortening 
is present. A little absorption has taken place. These cases can be treated 
by the Cotton impaction method or by simple abduction and fixation, or 
by bone peg into the head or into the acetabulum. 

Brackett has suggested and perfected a satisfactory operation to be 
used in these old cases, provided no extensive osteo-arthritic changes have 
taken place about the joint, for if such changes have occurred a good result 
could not be expected, at least so far as function is concerned. 

I give in Brackett’s own language the description of this operation. I 
have employed this operation and have seen several of Brackett’s results, 
and believe it is a useful procedure. 

The Brackett Operation.—The joint is best exposed by the intermus- 
cular route, between the tensor fasciae femoris and gluteus medius, by 
an incision from the anterosuperior spine to the middle of the trochanter, 
turning downward, parallel to the line of the femur for a few inches; then 
starting again at the angle of the oblique and vertical positions of the first, 
a curved incision is carried backward and upward 8 or 4 inches. The tensor 
fasciae femoris and gluteus medius are separated, the muscle attachments 
on the outside of the trochanter are removed subperiosteally, or with a 
thin bone attachment, and the top of the trochanter removed so as to save 
the attachment of the gluteus minimus and pyriformis. These muscles 
are then all turned backward and upward, and the upper and anterior 
portion of the capsule exposed, to the edge of the acetabulum. The cap- 
sule is opened longitudinally to its fibers, on the upper portion of its ante- 
rior surface, saving the attachment of the Y ligament, if possible, which, 
however, cannot always be done. 

The capsule above the opening is then detached from the femur and 
retracted outward and backward; the trochanter cut off just below the 
level of the upper edge of the head, the inner portion rounded to corre- 
spond to the curve of a 114- to 2-inch radius, saving the anterior and inner 
cortex. The outer portion is either cut off obliquely, or a wedge taken out, 
near the outer surface, allowing the outer cortex to be pushed inward. The 
free surface of the head is thoroughly freshened, covering this area, so as to 


THE BRACKETT OPERATION 1063 


make a corresponding curve, to the rounded top of the trochanter. In 
abduction of the leg, the convex surface which has been fashioned on the 
trochanter, is brought directly into the concaved head, and in this position 
is firmly held against it. In this way the femoral head with its freshened 
surface is placed directly on the freshened cancellar surface of the tro- 
chanter, an ideal condition for the vitalizing union of the poorly nourished 
fragment. The head is not placed directly on the top of the trochanter, 
for this would not allow the best position in the acetabulum, but on the 
inner and upper sides, which gives to it a somewhat oblique angle, partly 
resembling its normal direction, but without the normal neck. The stitches 





Fig. 1546.—Old fracture of the neck of the femur with considerable upward displacement of the 
femoral shaft. Exactly the type of fracture suitable for a Brackett operation. 


are placed in the capsule, but not tied until the leg is put into position of 
abduction, and the head seen to be in the relation to the end of the tro- 
chanter which is desired, in order that this contact can be assured, and 
the position of the leg is then maintained until the plaster is applied. The 
stitches are then tied; the outer attachment of the capsule which has been 
freed is secured with the muscle attachment. The attachments of the 
gluteus medius and minimus and pyriformis are either secured to the outer 
side of the trochanter, or are inserted into the wedge-shaped depression 
which has been made, in order to round off its upper and outer end. The 
wound should be tightly closed in layers, a plaster spica applied, including 
the foot of the affected and the other leg, to the knee, and extending well 
up to the lower thorax on the opposite side from the operated leg. 
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Fig. 1547.—Fracture of the upper third of the femur showing abduction of the upper frag- 
ment before abduction of the limb and the lower fragment, the usual type. (Pearson and 
Drummond.) 











Fig. 1548.—The same case as Fig. 1547 after abduction of the limb. Large gap still exists. 
(Pearson and Drummond.) 
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As a rule, the extreme degree of abduction is not required, and less 
inversion than, in the Whitman method with the fresh fractures. This 
fixation is maintained for eight to ten weeks, fixation with an ambu- 





Fig. 1549.—Screw pressure pads applied as for correction of outward bowing. (Pearson and 
Drummond.) 


latory plaster, but without weight-bearing for about two months more, 
and beginning weight-bearing with active motion at the end of this period. 
The ideal treatment would seem to be fixation by removable plaster at 
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the end of the first eight or ten weeks, with beginning massage and gentle 
passive motion; but unless this can be carried out with very intelligent 
precision the complete fixation is the safer plan. The bone contact between 
the two fragments cannot be made over the entire surface of the head, so 
that considerable bridging in of new bone is necessary, for which sufficient 
time must be allowed, and a change in the angle of union between the tro- 
chanter and head has been observed after too early motion or strain. The 
motion must be brought back slowly, for the capsule must be partly newly 
formed and newly attached, and a considerable amount of flexibility must 
be developed before all of the potential motion can be expected. There 





Fig. 1550.—Roentgen-ray appearances. The same case as Figs. 1547 and 1548, after the 
application of two screw pressure pads to approximate the surfaces. Illustrating the efficacy of 
carefully supervised pressure. Good union occurred. (Pearson and Drummond.) 


is no diminution in the shortening, or at least not a practical amount, for 
there is too much adaptive contraction of all structures to allow any de- 
cided change in the relative position of the leg to the pelvis. A greater 
range of motion, however, is possible than might be expected; an entirely 
practical amount of flexion, abduction, and rotation results. The amount 
of this depends somewhat on the oblique position of the head on the 
trochanter, and on the rounding off of its overlapping portions. 

The Brackett operation may in certain patients be done perhaps more 
conveniently through the Smith-Petersen approach from above The 
straight incision plus the curved incision from the anterior superior spine 
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Fig. 1551.—Brackett operation, showing line for lateral and lateroposterior routes of incision 
with the relative position of underlying head and neck of femur: A—B-—C, Line of lateral incision; 
B-D, posterior part of lateroposterior incision. (Brackett.) 





Fig. 1552.—Brackett operation, lateral route: The tensor fasciae femoris under anterior 
retractor. The gluteus medius and maximus under posterior retractor, Note rectus femoris 
muscle lying in front of capsule of joint. Note the great trochanter. Dotted line indicates 
where division of the gluteus maximus may be necessary for greater access. (After Brackett.) 
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Fig. 1553.—Brackett operation: Posterior cut has been made in the gluteus maximus, 
further retraction of gluteus medius shows top of great trochanter and gives access to the upper 
portion of the heavy capsule of the hip joint. (After Brackett.) 
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Fig. 1554.—Brackett operation: Tip of the trochanter divided and turned backward and 
upward with the attachment of the gluteus medius and minimus and pyriformis. The capsule 
of the joint, neck and head of the femur are well exposed. (After Brackett.) 
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posteriorly along the crest of the ilium through the origin of the gluteus 
medius carried to the bone. Subperiosteal removal of this flap is accom- 


plished and the capsule of the hip joint is exposed. In obese patients this 
incision is especially useful. 


Fig. 1555.—Brackett operation: Diagram drawn from z-ray of fractured neck of femur. 
(Brackett.) 


The record of a case of a two-and-one-half-year-old fracture of the neck 
of the left femur in a man fifty-three years of age operated by Brackett by 
the operation just described is of special interest. 





Fig. 1556.—Brackett operation: Diagram of section of bone made in operation: a, Dotted 
line on upper part of trochanter indicates level at which top of trochanter is removed. Muscles 
are first detached subperiosteally from the outer side of the trochanter, (b) to be reattached at a 
lower level; c, black line on trochanter indicates position of curve after shaping into convex 
surface the upper and inner extremity of the trochanter; d, black line indicates the curved surface 
after making the outer surface of the head of the femur concave. (Brackett.) 


Eight years after operation this patient is steadily at work, does not 
use a cane, and has only a slight limp. He does not experience any special 
fatigue with ordinary exercise. He can go up and down stairs with one 
foot after the other (Figs. 1558, 1559) . 
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Examination finds slight flexion of hip. While sitting he can place left 
leg over the right knee but not the left ankle. He can stand on the right 
foot with the left foot on the seat of an ordinary chair with the left hip 
at a right angle. There is no limitation of motion at the knee joint. 

The advantage of the method which Brackett advocates lies in the fact 
that by it the normal joint structures are used in their normal relations in 
weight-bearing. 

Instead of saving and utilizing the remains of the-femoral head, it may 
be removed and the freshened neck and acetabulum be placed in apposition 
with the thigh in extreme abduction. Bony-union will occur between the 
upper end of the femur and the acetabulum. This will ultimately furnish 
a satisfactory limb. The tilting of the pelvis will accommodate much of 
the shortening. The union will be painless. Wilson thinks that this 
method yields a quicker result than the Brackett method. Whitman uses 
this latter method. 


Fig. 1557.—Brackett operation: Parts in position. Leg in abduction of 50 to 60 degrees 
with several degrees of inversion. Convex surface of upper and inner extremity of trochanter 
fitting into concave surface of head: a, Muscles reattached to lower level on outer side of tro- 
chanter. (Brackett.) 


Speed sometimes uses the autogenous bone-peg graft inserted through 
the trochanter entirely through the neck, crossing the fracture line through 
the head into the acetabulum and through the deep posterior wall of the 
acetabulum. Thus ankylosis of the hip with union of the fracture has re- 
sulted, affording the patient a useful limb. 

A hip fracture originally impacted, and this does occasionally occur, if 
allowed to remain impacted and otherwise properly protected, will yield 
ordinarily union of the neck of the bone associated with some shortening 
with some permanent adduction and some outward rotation of the leg as 
seen in the permanently everted foot. 

A hip fracture occurring in a relatively young adult or in an older 
adult of youthful mien and good physique should not be allowed to remain 
apparently impacted, but should be treated by an anesthetic and gentle 
breaking up of the impaction by manipulation, combined with traction 
and countertraction. After reproducing this, the original fracture, it is set 
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Fig. 1558.—Brackett operation was done on this patient’s left hip. Note attitude in sitting. See 
x-ray of this case in Fig. 1559, the present condition of the hip is shown. (Brackett.) 





Fig. 1559.—Brackett operation: Roentgen ray of hip eight years after the Brackett operation 
(Fig. 1558), same case. (Brackett.) 
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by the abduction method. The result will be ordinarily a sold union and a 
useful hip. 

A hip fracture impacted in certain very old and feeble persons, and this 
does occur in a few cases, should not be disturbed, but left impacted. The 





Fig. 1560.—Diagram of Whitman operation for certain fractures of the neck of the femur: 
Number 1, A, shows the line of division of the great trochanter and No. 1, B, shows the new 
position to which the divided trochanter is moved. The absence of the removed head is apparent. 
In No. 2 the operation is seen completed, the neck and refreshed trochanter stump A is placed 
in the acetabulum and the trochanter firmly attached (B) to the shaft. 


The limb is in a position 
of abduction. (After Whitman.) 





Fig. 1561.—Case I. Result after Whitman 
operation in fracture of the neck of the femur. 
Note amount of flexion possible. Patient sits 
with comfort. (Whitman.) 


Fig. 1562.—Case I. Result after Whitman 
operation in fracture of the neck of the femur. 
Same case as Fig. 1561. Note stability in 
walking is secured. (Whitman.) 


hip should be protected so that the likelihood of a separation of the im- 


paction, which is usual after ten days or two weeks if it is unprotected, will 
be eliminated. 


OPERATION OF HIP JOINT ARTHRODESIS 1073 


, Operation of Hip Joint Arthrodesis as Performed by Whitman.—I be- 
lieve that the approach to the hip joint is made best by the Smith-Petersen 
incision. The following are the essential Whitman operation details: 





Fig. 1563.—Case I. Result one year after Fig. 1564.—Case II. Result one year after 
Whitman operation. Note abduction sufficient Whitman operation. Note sitting is possible, 
for stability. (Whitman.) although degree of flexion is slightly less than 


in Case I. See Fig. 1561. (Whitman.) 





Fig. 1565—Case II. Result following Fig. 1566.—Case II. Same as Fig. 1565, but 
Whitman operation in fracture of the neck of posterior view. (Whitman.) 
the femur. Note abduction sufficient for sta- 
bility. (Whitman.) 
68 
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The capsule is opened and the head of the femur or its remnant is 
removed from the acetabulum. The anterior margin of the gluteus medius 
is followed to its insertion, and at this point, with a wide, thin, sharp 
chisel, the base of the trochanter is divided in an oblique direction corre- 
sponding to the angle of the neck, and including all its muscular attach- 
ments and often a part of the capsule. 

This flap of great trochanter is turned upward—out of the way. The 
upper extremity of the femur, having been somewhat remodeled by cutting 
away the bony projections that are not needed, is freed from all restraining 
tissues and is thrust completely within the acetabulum. 

It is thus placed at an angle of about 25 degrees of abduction. A space 
on the outer side of the shaft of the femur equal to cut surface of the 
retracted great trochanter fragment is freed of its cortex. The trochanter 
fragment is drawn downward as far as its attachments permit. The two 
bony freshened surfaces are apposed and held apposed by suture. The axis 
of the trochanter is thereby changed from a direction upward and inward 
to one outward and‘upward. Soft parts are closed without drainage. The 
limb is secured in this extended and abducted position by a long plaster 
of Paris spica splint. 

When repair has sufficiently advanced in about four weeks the long 
spica is replaced by a short spica, and the patient is encouraged to bear 
weight, moderately at first, in order to hasten the reconstruction of the 
articulation by a functional adaptation of the limb to the new conditions. 

When weight is borne without discomfort the support is removed and 
muscular control is reestablished by systematic exercises. 

This reconstruction operation is designed for and is applicable to cases 
of ununited fracture in which bone grafting seems impracticable. This will 
include virtually all ununited fractures in vigorous adults. 


OPERATION OF BONE PEGGING NECK OF FEMUR, UNUNITED FRACTURE 


Steps of the Operation.— (a) Exposure of the seat of fracture through 
an anterior straight incision extending from the anterosuperior spine of the 
ilium downward for from 4 to 6 inches parallel with the external edge of 
the sartorius. Separation of the sartorius and the tensor fasciae femoris 
makes it possible to open the space between the rectus femoris and the 
iliopsoas, which step will be assisted by gentle digital dissection. After 
division of the external circumflex artery the capsule of the hip joint may 
be exposed sufficiently for the purposes of the operation. The capsule of 
the hip is incised and the joint space opened. 

(6) The fracture of the neck is carefully palpated. The finger is pro- 
tected by a rubber glove covered by a sterile cotton glove. 

If there is any tissue between the fragments it is removed. 

(c) The surfaces of the fracture fragments of the neck of the femur are 
refreshed by knife, chisel, or curet. 

(d) The autogenous tibial graft is obtained at least 5 inches long and 
fully % inch thick. A beef bone peg is less satisfactory. 

(e) A vertical incision exposes the outer side of the great trochanter 
near its base. 
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(f) A hole is drilled (%-inch twist drill) through the base of the great 
trochanter, emerging at the seat of fracture. 

(g) The thigh (distal fragment) is pulled down, abducted, rotated in- 
ward (Whitman position). Apposition is secured as nearly as possible 
between the two fractured surfaces. 

(h) The drill is then carried across the plane of the fracture about 2 
inches further (deeper) into the head fragment. 

(t) The drill is carefully removed while the limb is held fixed by an 
assistant in the correct position. 

(j) The autogenous tibial peg graft, irregular in shape with slightly 
pointed end, is placed in the drill hole and is hammered into the neck 
and head of the femur. 

(k) The projecting end is cut off flush with the cortex of the great 
trochanter. The properly protected finger in the anterior wound confirms 
the suitable placement of the bone peg. 

(1) The wounds are closed without drainage. 

(m) The position of the fragments and the relation of the bone peg to 
them is determined by the fluoroscope and the roentgen-ray record plate. 

(n) Considerable care should be taken in handling the limb while it is 
being immobilized. The peg may be fractured. 

(0) After-care—A plaster of Paris spica splint is worn for eight weeks. 
The limb may be adequately suspended in abduction in a Hodgen splint. 

(p) Then a convalescent Thomas caliper splint should be used with 
crutches. 

(q) No weight-bearing should be permitted for at least six months, 
and then at first protected by the Thomas caliper splint. 

Henderson secured 15 successful results from 26 cases done by the 
above method. 

Campbell secured 14 successful results from 20 cases by the above 
method. 


FRACTURE OF THE SHAFT OF THE FEMUR 


Operative Treatment.—This covers all long bones. 

Postoperative Care in a Thomas Splint as Used in the Sherman Clinic, 
Pittsburgh.—After operation on the shaft of the femur the lower limb is 
placed in a Thomas splint to which a Pearson knee-flexion splint is at- 
tached. 

The thigh and leg are placed in flexion (the position of muscle balance 
and greatest relaxation). The knee is flexed to about 45 degrees. The 
thigh and leg are attached to the Thomas splint by the usual slings and a 
bandage covers all securely (Fig. 1567). 

The splint is slung from the Balkan frame. Massage, active and pas- 
sive motion of the knee are begun on the fourth day and continued daily 
until the patient can, himself, guardedly use active motion safely (Fig. 
1569). The lower limb is removed from the splint about the eighth week. 

A walking Thomas caliper is applied for a few days before the patient 
leaves the bed. The active motion of hip, knee, and ankle is encouraged 
during this time and before getting up from the bed. 

About the ninth week the patient is up learning to walk between 
crutches with the Thomas caliper splint applied. 
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Fig. 1567.—Plated femur case immediately after operation. (Sherman.) Note Thomas splint, 
Pearson attachment—balanced suspension of splint. 





_—_—_ Atta) 


Fig. 1568.—Same case as Fig. 1567 two weeks after operation. (Sherman.) Note suspension of 
foot allowing voluntary ankle movement. Active motion, guided, of knee joint. 


POSTOPERATIVE CARE IN A THOMAS SPLINT 1077 





Fig. 1569.—Four to six weeks after operation, showing flexion. Note complete extension of 
knee joint. (Sherman.) 





Fig. 1570.—Same as Fig. 1567, but showing active and passive motion controlled by the patient. 
(Sherman.) 
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The splint is worn for twelve to fourteen weeks after leaving the bed. 

The splint after the ninth week is omitted at night, and applied on 
getting up in the morning. 

Motion at the Knee Joint-——When the patient leaves the bed he ordi- 
narily has from 45 to 90 degrees of knee flexion from the completely ex- 
tended position. Knee flexion continues to increase. In from five to eight 
months following the injury there will be full voluntary flexion and exten- 
sion at the knee. 

In order that the results of the operative treatment of fractures of the 
shaft of the femur as obtained in an ideally conducted clinic might be 
recorded here as a standard, I have tabulated the cases from the clinic of 
Sherman, Pittsburgh, Pa. 

These cases are unselected. The actual details of the operation and 
after-care are explicitly stated in the preceding pages. The summary of 
results is here recorded: 

TABLE 1 


Fracture oF THE Femur: Oprration. Resuits. (Sherman Clinic, Pittsburgh, Pa.) 






































Number Complete Partial Away from 
: oe ; a Ambulatory, : 
of immobiliza- immobiliza- ks | job, 
cases. tion, days. tion, weeks. paved: | months. 
35 Adult closed. Oe 7 74 6 (average) 
5 Adult compound. 173 73 5 8.5 
3 Ununited. 14 7 8 | 12 
3 Children. 12 7 5 4 
TABLE 2 
Time Away rrom Jos (By Monrus) or tHE ADuLT Cases ABOVE TABULATED 
No. of cases. Months. 
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These postoperative results are illustrative of what is accomplished 
under ideal surgical conditions. It is a splendid record. 

These results are to be compared, of course, with those obtained under 
similarly ideal conditions and in a like group of patients by the nonoper- 
ative treatment. 

Fracture of the Femur. Postoperative Care, Magnuson Clinic, Chicago. 
—A Bit of Detail of After-care of Operative Femur Cases.—Plaster of Paris 
spicas are applied from the pelvis to below the knee, usually two thirds 
the distance down the lower leg. Fractures above the lower and middle 
third are completely immobilized for ten days to two weeks. Then a 
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U-shaped piece is removed from the posterior part of the plaster splint, up 
as high as the flexor surface of the knee. This leaves protection anteriorly 
and laterally. Twice a day the knee is moved by turning the patient on 
his side, or lifting him on a fracture frame. No considerable amount of 
force is used, just a gradual, steady stretching. This passive motion is 
kept up and increased daily up to the time of removal of the cast to above 
the knee, which is usually about five or six weeks. The patients who are 
strong enough to handle themselves and get around on crutches are al- 
lowed up with a high-soled shoe on the foot opposite the fractured limb, 
in from ten days to two weeks. 

The plaster splint is usually removed entirely at the end of six to eight 
weeks; an w-ray taken without the splint to determine the amount of 
callus formation. If there is not sufficient callus formation to warrant 
allowing the patient to be up with a high sole on the opposite foot without 
support, another plaster of Paris splint is applied, usually a short one, 
from the pelvis to above the knee, and the motion of the knee continued 
for from two to four weeks longer. The handling of the case depends some- 
what, of course, on the weight of the patient and his ability to form callus. 

No intern or assistant is allowed to handle the patient when the splint 
is first removed. It is cut, patient taken to the x-ray room, and the oper- 
ator personally supervises having the leg lifted out of the splint and the 
x-ray taken, without allowing any tendency to displacement, if there has 
been insufficient callus formation. In this way movement at the fracture 
is avoided, if only a small amount of callus has formed; and there is no 
damage done. The average individual does not appreciate the fact that 
traction in a direct line with the long axis of the fractured bone when 
lifting is essential to prevent angulation. 

The splint is not removed until there is enough hard callus to maintain 
the fracture in position. Weight-bearing is allowed gradually, first with 
the support of crutches and then with the support of a cane; but by the 
time weight-bearing is allowed the patient’s knee is entirely normal in 
motion, and in many cases the hip is entirely normal in motion because of 
the treatment immediately following the fracture. 

Fractures below the middle third cannot be allowed to have knee 
motion as early as those above the lower third, of course; but usually knee 
motion is attempted in between three and four weeks in the same way as 
that applied to fractures above the lower third, the only difference being 
that in fractures of the lower third a heavy pad of felt is put anteriorly 
and posteriorly over the site of the fracture at the time of applying the 
first splint, so that the plaster may be pulled very much more snugly 
around the site of the fracture, leaving the sides without pressure so that 
there may be no blocking of the circulation. In this way it has been found 
that motion of the knee can be started much earlier than can be done 
with simply applying the plaster of Paris around sheet wadding, as is 
the usual custom. 

Of course the tendency to displacement in fractures of the upper third 
is angulation toward the external surface of the leg, whereas, angulation 
of the lower third is in the anteroposterior plane, which would be true if 
one started to flex the knee early. Therefore, support, especially on the 
anterior surface in these low fractures of the femur, is important. 
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In an uncomplicated operated fracture of the shaft of the femur in an 
adult there can reasonably be expected about 5 to 15 degrees of flexion on 
the tenth day after operation. At two weeks there will be about 45 degrees 
of voluntary motion. At eight weeks there will be about 90 degrees 
motion, 7. e., at the time the plaster splint is removed. 

Some weight-bearing is allowed in nine weeks. Complete weight-bear- 
ing is permitted in ten weeks, using a cane. Unsupported weight-bearing 
in three months is the routine result. All patients have had 90 degrees of 
voluntary flexion at the end of three months. 

Following operative fixation of a fracture of the shaft of the femur, 
Eliason, Philadelphia, uses postoperative traction through a Steinman nail 
or caliper to the condyles of the femur, believing that he thus tends to 
overcome muscle spasm which may angulate or unduly strain the seat of 
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Fig. 1575.—Patient thirty-five years old. Compound supracondylar fracture of both 
femora and compound fracture of upper third of both tibiae. Fractures did not extend into 
knee joint. Date of accident November 17, 1924, On wheel chair May 12, 1925; began to 
walk May 20, 1925. Sherman plates and screws used. Approximate motion of both knees 


75 si ea Very complicated case. Brilliant result. Restored to usefulness. (Berg, Pitts- 
burgh. 


fracture. He also uses drainage in the operation wound for forty-eight 
hours. He does not remove the steel fixation plate unless compelled to. 
I personally have not found postoperative traction or drainage necessary 
in these cases. 

Berg, of Pittsburgh, conducts a clinic of very serious fractures. Cases 
in this clinic present most complicated injuries. The accompanying case 
(Fig. 1575) is recorded here to illustrate what may be expected in severe 
injury to the femora treated ideally. These results indicate the goal to be 
attained by operative methods. 

Intracapsular Fracture of One Condyle of the Femur—A fracture was 
reduced immediately by Sutcliffe! by operative approach on the inner side 
of the knee joint posterior to the patella. 

The condyle was displaced backward and partially rotated on its trans- 
verse axis. A steel plate was used to hold the fragment replaced. A 

1 British Journal of Surgery, January, 1925, p. 450. 
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normal knee resulted. The sutures were removed in fourteen days. Mas- 
sage and active and painless passive movements used at three and four 
weeks. The patient was eleven weeks in the hospital. 

This case illustrates well the result to be expected where good judg- 
ment and careful technic are used in the greater joint fractures. Imme- 
diate accurate reposition should be sought. Early active and _ painless 
passive motion should be used. 


OPERATION FOR FRACTURE OF THE PATELLA 


Local Preparation.—The skin should be sterilized for a wide area above 
and below the knee joint. The sterilization should extend above to the 
level of the perineum in the thigh and below to the ankle. Especial care 
should be exercised in the detection of any unhealed abrasions or pustules 





Fig. 1576.—TIllustrating the long median longitudinal incision in the approach to the knee joint. 
(Allison.) 


or blebs of the skin of the region exposed in the preparation. No opera- 
tion should be done until these danger spots are healed or are suitably 
covered, so as not to be sources of infection. 

Incision.—An incision to expose adequately the fractured patella and 
all damaged parts (fasciae torn) should be made. The shape and extent 
of this incision best suited to the situation is usually one slightly curved 
with the convexity downward. The cicatrix of this incision will not be 
pressed upon subsequently when the patient kneels because the level of 
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the lowest point of the incision is above the part of the flexed kneeling 
knee which comes in contact with the ground. 

The straight transverse, the longitudinal, the curved with convexity 
above, these incisions have all been used. The least advantageous one for 
access to fracture of the patella is the longitudinal, for it is absolutely 
essential that the incision afford an easy approach to the torn capsule of 
the knee on either side of the fractured patella. 

The longitudinal incision in the median line cannot possibly afford such 
access without very great dissection of the subcutaneous tissues or addi- 
tional lateral incisions. 





t 


Fig. 1577.—Illustrating the accessibility of the knee joint through this approach shown in 
Fig. 1576. Note retraction of split patella and internal ligaments of the knee and the possibility 
of reaching fractures of the condyle of the femur and supracondylar fractures entering the knee 
joint. (Allison.) 


Because of the very tough and fibrous character of the quadriceps 
tendon above, and the same character of the patellar ligament below, it is 
possible, by passing a wire suture through the patella, across and over the 
patellar ligament, back through the patella, twisting the wire over the 
quadriceps tendon, to keep the fragments of the fractured patella in posi- 
tion, at the same time allowing mobilization of the knee. 

Procedure.—The joint surfaces, the fractured bone, the laterally torn 
fasciae are all exposed to view. All clots of blood are washed away by 
irrigation with sterile salt solution. This is the gentlest method of removal 
of clots. Gentle gauze wiping, but very gentle, will assist in the irrigating. 
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Any tiny loose fragments of bone are removed. Torn overlapping 
fascial shreds which cover the fractured surfaces of the patella are care- 
fully lifted off the fracture and retained for subsequent inclusion in the 
suture of the capsule. 

The bony fragments are brought into apposition. If the fracture is 
transverse or only slightly comminuted, the patella clamp (Fig. 1579) may 
be used to approximate tightly and hold the fragments together while the 
suture is being placed. 

I have devised and used for several years a patella clamp. This clamp 
is shown in Fig. 1579. Obviously, if the fragments of the patella are 
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Fig. 1578.—Illustrating closure by interrupted suture of the fascia, thus approximating the 
divided patella fragments. (Allison.) 


firmly brought together before the absorbable or nonabsorbable sutures 
are finally tightened, the apposition of the fragments, especially when but 
two fragments are present (as so often is the case), is made pretty 
accurate. This clamp is not used in every case, but I have found it at 
times convenient and helpful. It is unwise to attempt to pull fragments 
together by sutures. The fragments should be approximated and held 
fixed, then the sutures tied. This clamp helps to hold the fragments of 
the broken patella temporarily approximated. Berg has modified the 
Scudder patella clamp. 

Old Fracture of the Patella—Occasionally it is necessary to repair a 
fracture of the patella which has been broken some time previously, several 
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A varying amount of difficulty attends the attempt to 


months perhaps. 


Obviously an in- 


bring the upper fragment down to the lower fragment. 


‘erpoyed osesus smel omy ayy ‘y {Mora anbr]qo 
ur wel smoys f i(y os) syuoWseay Jo sovJins Joddn 0} puv o «eq [eyOZUOY UO a[qeysn{pe ozeId ‘a Sp Motos Lq 0 eq Zuoye efqeaour Mel ev 
“q suolyeyor 10J SuNdsoxe paxg Mel W ‘D *4x0} 99g “eT[ayed Jo amyoeij UI Jappnog Aq pesn pur pasiasp durvyo eljeyeq—6LEL “Sy 


7 4) 


\ 





Ni AVAWAuNNnn Ma RUMAH RRR EUSS 





cet Sa sii oes = é a 


— 
eH 
oO 
> 
° 
3 
- 
oO 
wm 
os 
(rie 
o 
pis 
ga 
Om 
g 0° 
a a 
ae 
Se 
Aa 
2 8 
So 
rE 
2 > 
gg 2 
a a 
Bk 
aes 
Sal) 
ages 
5 FQ 
3m 
5S 
q 
no 
2 
so ~ 
23 
5) Se 
Oo oO 


he rectus and of 


plishing this have been found 


SUTURE OF PARTS 1087 


the rectus itself; (b) by several lateral transverse incisions either alone or 
together with a median transverse incision of the thigh fascia; (c) by 
reflecting a flap of the quadriceps fascia downward and so suturing it as to 
bridge the gap between the upper and lower fragments of the patella. 

By this latter procedure (c) little attempt is made to approximate the 
bony fragments, but the gap is filled by a strong fascia. 

Suture of Parts.——(a) The bone is to be held securely. (b) The cap- 
sule of the joint is to be closed. (c) The torn fascial soft parts are to be 
approximated. (d) The subcutaneous tissues are to be closed. (e) The 
skin is to be brought together. 
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Fig. 1580.—Diagram illustrating method of drilling patella for insertion of iron wire. (Mag- 
nuson.) 


The bone is drilled (each fragment). Two holes are then drilled in 
either fragment, whichever happens to be the larger, or if one is com- 
minuted and the other is not so badly comminuted, through the one which 
is the least broken. The drill is pointed obliquely backward, toward the 
popliteal space and toward the line of fracture, and is carried across the 
line of fracture so that it marks on the opposite fragment its exit from the 
bone into the line of fracture. The fragments are then separated so that 
the operator can again drill through the smaller or comminuted fragment 
a hole which corresponds in angle with that just described, and pointing 
backward in the same way it comes out at the drill mark previously made 
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by the line of fracture. This is repeated on the opposite side. In com- 
minuted fractures the holes may be separated until they approach the 
sides of the patella so as to make practically a purse-string through the 
bone. The wire is then passed through the holes from top to bottom, over 
the patellar tendon, up through the opposite two drill holes; the fragments 
are then put into perfect apposition and clamped in place, the wire pulled 
tight before twisting, so that the wire between the two lower drill holes 
fits tightly over the patellar tendon, and the wire.is then twisted with a 
sequestrum forceps or other strong instrument until it is pulled as tight 
as is consistent with pressure over the tendons above and below—Mag- 
nuson (Fig. 1580). 

Material Used in Suture of Patella—_Whether nonabsorbable or ab- 
sorbable material is used in suture of patella is an important matter. 





Fig. 1581.—Fracture of the patella. Case Fig. 1582.—Fracture of the patella. 


treated by iron wire suture of patella. Suture in situ. Note flexion to a right angle a few weeks 
Note degree of voluntary extension. (Magnuson.) following suture of patella with iron wire. 


(Magnuson.) 


Nonabsorbable materials, ordinary malleable iron wire, is used (Mag- 
nuson). This has great tensile strength and will not twist off or break as 
is the case with other types of wire, such as silver; it is large enough so 
that it does not cut the ligament over which it is stretched tight unless 
undue pressure is put on it, and can be trusted to withstand all the pull 
the quadriceps will make upon it in the ordinary course of future treat- 
ment. 

Silver or aluminum-bronze wire (Hawley) affords close approximation. 
Hawley, of Bridgeport, Conn., has consistently followed and advocated 
early operation of fracture of the patella by suture with aluminum-bronze 
wire. He has likewise happily employed early active guarded movement 
of the knee. He has permitted the patella patient to bear weight very 
early after operation—see legends of Hawley’s cases. This experience of 
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Hawley goes far to perfect the treatment of patella fracture. It must be 
noted that all this freedom of early motion and omission of joint sup- 
port in Hawley’s method of treating this very important joint fracture is 
very carefully supervised by the surgeon himself or especially skilled as- 
sistants. The results are very close to ideal. The method in the hands of 
any but skilled surgeons is dangerous. Undoubtedly the wire allows early 
movement before the bony union will hold the fragments from separation 
when movement is made. 

Nonabsorbable material is tolerated by the tissues and removal is not 
always obligatory. 

I believe if wire is used it should be subsequently withdrawn after it 
has served its purpose. I see no good reason for leaving it in place, and I 
know certain cases in which it has caused disturbances. 
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Fig. 1583.—Operation for repair of an ununited fracture of the patella in which one of the 
fragments is very small: a, Heavy suture of fascia lata passed vertically through the patella and 
transversely through the ligamentum patellae. (Gallie, British Journal of Surgery, vol. xii, 1924.) 


The occasional necessity for the removal of the wire or the pre- 
determined and established policy of withdrawing the wire after it has 
accomplished its purpose does not militate against the employment of a 
nonabsorbable suture of the patella. A possible second operative maneuver 
is of no objectionable importance compared with the absolute integrity of 
the part free from any and all possible menace. The contenders for leaving 
the suture in place, in this relatively superficial area, must admit (common 
experience) the occasional forced removal. This occasional compulsory 
removal is the determining factor in the establishment of a sane procedure. 
To “take a chance” is poor surgery. To trust that the individual case is 
not to be the one in question is in my opinion too great a chance from the 
patient’s standpoint solely. 
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Remove all nonabsorbable sutures used in fracture of the patella after 
union is firm and secure. 

Absorbable Suture of the Patella—In the use of absorbable material, 
whether chromic catgut, kangaroo tendon, or autogenous fascial strips, the 
object is to approximate bony fragments and to trust to the suture merely 
to hold the approximation secured. Perfect results have followed both 
kinds of suture material. The explanation for these final equally good 
results lies in the fact that absolute bony contact with bony union is not 
always essential in fracture of the patella to give perfect functional results. 





Fig. 1584.—Diagrams illustrating points in the technic of using living sutures of fascia: 
1, The strip of fascia lata has been tied into a large-eyed needle with fine silk (a), and a similar 
ligature has been tied around the tail of the suture at b. The needle has been passed through 
some strong aponeurotic tissue and then through the tail of the suture to form a slipknot. 2 
The slipknot drawn taut. 3, Method of joining one suture to another. The suture c has been 
used up. The needle of suture c is passed through the tail of suture d, and the needle of suture d 
is then passed through suture c. The needle of suture c is cut off, and suture d is drawn taut. 
ee joining of the two sutures completed. (After Gallie, British Journal of Surgery, vol. xii, 


A fibrous tissue close union will be as serviceable as absolute bony union, 
other things being equal. 

I have personally used for many years absorbable sutures in the patella 
or about it. I have not often drilled the bone for the placing of these 
sutures. 

The result following this absorbable suture is slow but satisfactory. 

I am inclined to believe that by using the wire suture with our present 
technic closer approximation of the fragments is maintained at the time of 
the operation and that earlier active motion may be more safely used than 


AFTER OPERATION. COURSE OF THE FRACTURE 1091 


with the absorbable suture. The outcome of the case with wire suture will 
therefore be early weight-bearing, early movement of joint, more uniform 
bony union, a stronger joint, a more nearly normal range of motion. 

There will always be individual cases by each method which do ideally. 
In suture of the patella adopt the method that appears to be yielding that 
result which is desired in the case in hand, and which is most suited to the 
special case. 

I approve of the wire suture and very early mobilization. 

I approve of the absorbable suture and very early mobilization. 

Suture of the Soft Parts——There should be no joint drainage supplied. 
The capsule of the joint and the immediate pericapsular tissue combined 
are sutured so as to close the knee joint, using a fine absorbable catgut 
(0 or No. 1). The fascia of the knee so widely torn is approximated with 





Fig. 1585.—Repair of fractured patella by a loop ligature of wire, kangaroo tendon, or silk, 
carried through drill holes made transversely through each bone fragment. The margins of the 
overlying and laterally placed periosteo-aponeurotic structures are brought together by suture. 
(From Bickham, Operative Surgery, vol. ii.) 


care by interrupted absorbable sutures. The skin wound is sutured. The 
skin is carefully cleansed, all blood being removed from the neighborhood 
of the skin wound. 

The Dressing.—A dry gauze dressing is applied so as to cover fully two 
handbreadths away from the wound. This dressing is held by a bandage. 
The size and thickness of the dressing together with a supporting pillow 
help to somewhat support the knee joint. 

The suspension of the extremity in a Thomas splint is helpful, with the 
Pearson leg support, when needed. There is no need to immobilize the 
knee joint rigidly. In fact, it is decidedly better not to. 

After Operation. Course of the Fracture——There will be some swelling 
of the knee joint for a few days following the operation. The dressing reten- 
tive bandage should be loosened and reapplied to adapt the extra-articular 
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pressure to the intra-articular distention. The patient is encouraged to 
flex the knee slightly while lying in bed. About forty-eight hours after 
operation massage, active and passive motion up to about 15 degrees is 
instituted. 

Motion, active and passive, is gradually increased until at the end of 
six weeks 90 degrees of motion should be possible without pain, and the 
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; Fig. 1586.—Operation for fractured patella by wiring: A, Lower fragment of patella steadied 
with bone-holding forceps; B, drill in act of making holes for passage of silver wire, one piece of 
which is seen in position; C, chromic gut suture of torn capsule and fibroperiosteum. Note one 


end of the wire is incorrectly represented passing into the joint. (From Bickham, Operative 
Surgery, vol. ii.) 





patient should be able to raise the leg almost in line with the thigh at 
this time without assistance. This operation does away with the long- 
continued disabilities following operation for fractured patella. It does not 
allow the quadriceps to atrophy, and will allow the patient to return to 


practically any type of work in about two months from the time of opera- 
tion. 
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The above procedure is essentially that followed by Magnuson. Note 
the results obtained and the short incapacity following this method. 
Gallie’ found the use of transplanted strips of fascia lata so successful 
in treating habitual dislocation of the patella laterally that he used the 
method in ununited fracture of the patella successfully. He was led to 
use this suture in these cases also because of the gap to be filled between 
the widely separated fragments which in certain cases cannot be even ap- 
proximately brought together. One fragment may be very small. 
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Fig. 1587.—Operation for fracture of 
the patella by an encircling suture of the 
soft parts by wire, kangaroo tendon, or silk. 
All tissues intervening between the frag- 
ments are cleared away, and the encircling : i 
ligature passed deeply into the quadriceps A cinoma = 
extensor tendon, tendon of the patella, and Fig. 1588.—Operation for fractured olecranon 
lateral tendino-aponeurotic structures. In- by wiring: A, Drilling holes for passage of silver 
terrupted or continuous catgut sutures pass _— wire, one suture being seen in position, and one 
through the margins of the tendino- being drawn through; B, chromic gut suturing of 
aponeurotic covering of the patella. (From torn capsule and fibroperiosteum. (From Bick- 
Bickham, Operative Surgery, vol. ii.) ham, Operative Surgery, vol. ii.) 








Technic of Operation.—The drill holes are made in the large fragment 
only and the loop of fascia lata is drawn through the quadriceps tendon or 
the ligamentum patellae (according as the small fragment is above or 
below) through a transverse tunnel made with a narrow knife. The pres- 
ence of the small flake of bone in the end of the tendon prevented the loop 


from cutting out. 
The transverse rent in the lateral expansion of the quadriceps tendon 


1 British Journal of Surgery, vol. xii, No. 46, 1924. 
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and the capsule of the knee is closed with a living suture of fascia threaded 
on a needle. The success of this operation by Gallie was complete. (See 
Fig. 1584, illustrating the method of fastening fascial strips into the 
needle.) 

Ununited fractures of the patella, z. e., old fractures of the patella, have 
been treated successfully by Phemister (1915), Gallie (1923), by the use 
of transplanted fascial flaps and by the use of transplanted fascial strips of 
fascia lata. , 

The advantage of using full fascial transplants is that they afford a 
stronger closure of the defect than can be obtained by taking flaps from the 
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| 
Fig. 1589.—Operation for fractured patella by Stimson’s method of mediate suture: A, 
Heavy silk suture (of mattress variety) passing through greater thickness of quadriceps extensor 


tendon, above, and ligamentum patellae, below; B, chromic gut suture of torn capsule and 
fibroperiosteum. (From Bickham, Operative Surgery, vol. ii.) 





weaker surrounding fascia, and in no way weakens any of the normal por- 
tions of the extension apparatus. The transplant should be made wide 
enough to cover the defect in the lateral ligaments of the patella as well as 
that between the fragments. See Figs. 1590-1594 of Phemister’s successful 
case, following the above procedure. 
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Fig. 1593.—Amount of extension six Fig. 1594.—Roentgenogram six months after 


months after operation. (Phemister, An- operation. (Phemister, Annals of Surgery, De- 
nals of Surgery, December, 1915.) cember, 1915.) 


FREEMAN’S BONE CLAMP 


Freeman’s instrument for extension in leg fractures. Ordinarily, in frac- 
ture of the tibia and fibula, if traction will not reduce the displacement, 
an open operation is the quickest, safest, and most effective procedure. 
Freeman has devised and used successfully the best thus far produced of 
the external bone clamps. It may serve a useful purpose. It resembles 
the original Lambotte instrument. I therefore reproduce its essential 
features. I quote Freeman’s description: 

Technic—The instruments required (Figs. 1595-1599) are: (1) 
Several strong, steel bone screws, about 2% to 3 inches in length and %4¢% 
inch in diameter. (2) A drill making a hole slightly smaller than the 
screws (ordinary machine twist drills are the most suitable). (3) A 
properly constructed turnbuckle. (4) A long clamp for holding the screws 
in position after adjusting the fracture.t 

The operative steps are: 

1. Obtain an a-ray picture of the break, noting the amount of over- 
lapping of the fragments. 

2. Prepare the skin as in any other operation. 

3. Under general anesthesia adjust the fragments roughly, especially as 
regards rotation, being careful that the inner border of the foot is on a line 
with the inner border of the patella. 


1 These instruments can be obtained from W. H. Lauth, 1632 Court Place, Denver, — 
Colorado. 
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4. With a sharp-pointed knife make two small, buttonhole incisions 
over the center of the flat surface of the tibia, one on either side of the 
break and at some distance from it. They should be just large enough 
easily to admit the drill and should reach to the bone. 

5. Insinuate the drill through the soft parts and bore clear through the 
medullary cavity, so that the instrument obtains a firm hold in the pos- 
terior osseous layer. 

















Fig. 1595.—Side view of bone clamp. 





6. Remove the drill and replace it with a bone screw, which gets a firm 
fixation because it is slightly larger than the drill and penetrates both sides 
of the bone. 

7. When the screws have been placed, one above and one below the 
fracture, insert the turnbuckle between them, close to the skin (Fig. 
1598), and apply extension, corresponding in degree to the overriding of 
the fragments, previously noted by the x-ray, or by measurement of the 
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Fig. 1596.—Top view of bone clamp, showing lining of soft wood in which the bone screws become 
firmly embedded when the clamp is tightened. 


opposite limb. When possible the progress of the adjustment may be ob- 
served through a fluoroscope. 

8. Place the clamp upon the screws as low down as practicable in order 
to reduce the leverage, thus maintaining the extension (Fig. 1599), after 
which remove the turnbuckle. If either fragment tends to project forward 
beneath the skin it should be pressed into place before adjusting the 


clamp. 
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9. Apply dressings and a bandage. If only 2 screws have been used, a 
light splint may be desirable to maintain the general alignment of the limb. 

The after-treatment consists in changing the dressings every few days 
and painting the skin around the screw holes with 2 per cent tincture of 
iodine. 
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Fig. 1597.—Turnbuckle. The distal nut is for the purpose of loosening the sliding arm if it 
should catch. 


When removal of the apparatus is decided upon, it is easily accom- 
plished by taking off the clamp and unscrewing the screws from the bone. 
No anesthetic is required, as but little pain is produced, or none at all. 





Fig. 1598.—Turnbuckle in position for applying extension. 


The holes are then painted over with tincture of iodine and usually heal in 
a few days. A splint or a light plaster of Paris splint may be applied 
until consolidation is complete. 
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Fig. 1599.—Bone clamp in place preparatory to removal of turnbuckle. 


If one wishes, 2 screws can be inserted on each side of the fracture 
instead of one, thus gaining additional firmness, but this seems hardly 
necessary in the majority of instances. 


OPERATION OF OLD ANKLE FRACTURE 1099 


THE OPERATIVE TREATMENT OF OLD POTT’S FRACTURES 


The exact indications for operation in old deforming Pott’s fracture will 
be persisting lateral or backward displacement. The only method for the 
relief of these deformities is by osteotomy of the tibia and fibula. The 
results following this operation are satisfactory. 

In old ankle joint fractures with certain positive disabilities the symp- 
toms are very disabling, manual force is unable to replace the fragments, 
recourse must be had to the Thomas wrench or the Gwilym Davis lever. 


— 
ce 
corer w, 


Chote’ Lat 





Fig. 1600.—Diagram showing operative lines of osteotomy to correct old deformity. (Feiss.) 
As has already been suggested, a tenotomy of the tendo achillis may be 


helpful. 

erin for Old Ankle Fracture.—If reposition is impossible, opera- 
tive reduction must be done. 

In this operation (Ashhurst) a liberal incision is made around the ante- 
rior and lower border of each malleolus; the skin and superficial fascia are 
reflected backward until the fractured surfaces are exposed; these will 
include the internal malleolus and the fibula, as well as the inferior tibio- 
fibular joint. Interposed edges of fascia and periosteum are raised from 
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the fractured surfaces, which are freshened with a curet; the tendon of the 
tibialis posticus and, if necessary, those of the peronei are temporarily 
removed from their grooves, the fracture is accurately reduced, and the 
fragments temporarily held in apposition by one of Lambotte’s large 
clamps, while his self-boring screws are being inserted or, preferably, 
Sherman screws. The tendons being replaced and the deep fascia and skin 
sutured, a dressing is applied and the fracture is treated as a recent simple 
closed fracture, except that protection by gypsum splints is not required for 
more than a couple of weeks. Weight-bearing, however, cannot be resumed 





Fig. 1601.—Casts showing appearance of ankle before and after operation. (Feiss.) 


any sooner than in cases in which open reduction has not been done 
(Ashhurst) . 

The Operative Treatment of Old Fractures of the Leg Near the Ankle. 
—The indications for treatment of old deforming fracture, whether foilow- 
ing fracture of the lower epiphysis of the tibia, Pott’s fracture, or fracture 
of the tibia and fibula just above the angle, are the same—the reestablish- 
ing of the proper weight-bearing line. It is important to eliminate from 
the problem the compensatory functional deformity. 

The following case is cited to illustrate the method of procedure 
applicable to many of these cases: 
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By an osteotomy of the tibia and resection of a piece from the fibula, 
as planned in Fig. 1600, it was possible to correct the static deformity, with 
the result seen in Fig. 1601. 

Bone grafting of the mandible is well described by Billington and 
Round. Crest of ilium grafts are employed held by dental splints until the 
soft parts are healed. Final adjustments made when bony union is partial. 


1 British Journal of Surgery, January, 1926, p. 497, vol. xiii, No. 51. 
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FRACTURES LIKELY TO REQUIRE OPERATION 


Ir remains summarily to state the fractures which in my experience 
and in the experience of other surgeons at times have needed operative 
treatment. It is distinctly understood that in such an enumeration the 
conditions cannot be covered which might lead to the operative treatment 
(see references to individual fractures). All the available facts of each 
case are to be carefully weighed. This summary, of course, does not in- 
clude compound fracture, ununited fracture, or malunited fracture with 
symptoms. 

Depressed Fracture of the Skull With or Without Symptoms.—Injury 
to the head with rising intracranial pressure demands operation (Chapter 
XXID). 

Compression Fracture of the Spine-——(Chapter XXIII.) 

Fracture of the Body of a Vertebra Without Cord Symptoms.—It is 
highly improbable that an arthrodesis of the spine by bone grafting, splint- 
ing above and below the injury, will become a routine procedure. The 
value of such procedure is still in the experimental stage. 

Depressed Fracture of the Nose.—This depression may usually be 
reached from within the nose (Chapter XXI). 

Fracture of the Malar Bones. 

Fracture of the Maxilla and Mandible.—Very rarely will operation 
through a skin incision be required. 

Fracture of the Clavicle—The recumbent dorsal position is so effective 
that rarely will operation be required in a recent fracture. 

Fractures of the Upper End of the Humerus.—lIf the greater tuberosity 
is much displaced it should be operated on. Fracture of the surgical neck 
not corrected by position and immediate traction should be operated upon. 
A small incision and digital reduction by leverage may be effective. Cer- 
tain transverse fractures and all fractures which cannot be reduced in 
active adults should be operated on. Fracture with dislocation of the 
humeral head will need operation. Separation of the upper humeral 
epiphysis may require exact reposition. 

Fracture of the Shaft of the Humerus.—lIf there is doubt about union 
occurring, if there is probable soft part interposition, operation should be 
done early rather than late. Early operation will find a more normal bone 
to deal with than if one delays operation. 

Fractures of the Lower End of the Humerus.—Fractures of the external 
condyle with irreducible displacement of the fragment will always require 
operative reduction. Transverse, supracondylar, and diacondylar fractures 
and those injuries commonly classified as separation of the lower humeral 
epiphysis if irreducible should be replaced by an incision and direct man- 
ipulation and leverage. Absolutely perfect reduction of all joint fractures 
including the elbow is desirable. Immediate postoperative active move- 
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ment should follow. Certain uncomplicated fractures entering the joint 
surfaces in adults should be operated at the outset. 

Fracture of the Olecranon.—Where perfect power and complete func- 
tion of the elbow are to be sought, operative suture is often necessary. 

Fracture of the Upper End of the Radius——Operation: Displaced frag- 
ments of the head and neck should be removed early after the injury. 

Fracture of Both Bones of the Forearm.—Complicated displacements of 
the four ends of the fragments will almost always require early replacement 
by operation (Figs. 1611-1614) in adults, in children rarely. 








Fig. 1602.—Ankle fracture, two attempts at reduction unsuccessful. Result of arthrotomy 
and screw fixation seen eleven days after the injury. Out of work thirteen weeks. Perfect ana- 
tomical and functional results. The Lambotte screws are in place and causing no disturbance 
seven years after the operation. (Ashhurst, Oxford University Press.) 


Fracture of the Carpus.—Operation in recent cases will occasionally be 
necessary. 

Fracture of the Metacarpal Bones.—It may be desirable to operate in 
recent cases. 

Fracture of the Radial or Ulnar Shaft Alone.—Fracture of the shaft of 
either the radius or the ulna will often require reposition through an 
incision. ; a i 

Elbow Fractures, T and Y.—Cases in which manipulation and position 
do not effect reduction should be operated upon. 
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Fig. 1603.—Diagram of fracture of lower articular posterior margin of tibia with displace- 
ment backward of the astragalus and foot. Note the line of incision in approaching the fracture. 
(Lounsbury and Metz.) 
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Fig. 1604.—Drawing illustrating fracture of the posterior edge of the lower tibial articular surface. 
Note exposure of the fracture and the adjoining shaft. (Lounsbury and Metz.) 
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Fracture of Neck of the Femur.—Almost all recent fractures of the 
neck of the femur if operated upon will be followed by satisfactory results. 

Displacement of the Upper Epiphysis of the Femur.—Occasionally 
operation will be required. 

Fracture of the Shaft of the Femur.—Fractures in adults, which cannot 
be reduced by an anesthetic and manipulation and traction and adequately 
held reduced, should be operated on. Transverse fractures at the middle 
third of the femur are best treated by operation. 

Fractures of the upper third and the lower third of the shaft will often 
demand operation, especially the short oblique and slightly comminuted 





Fig. 1605.—Drawing illustrating use of the Lowman clamp in holding the fragments, seen 
in Fig. 1604, in close approximation, while the appropriate sized screw hole is being made by the 
drill. (Lounsbury and Metz.) 


types. A stout individual with fracture at the junction of the upper and 
middle thirds can be handled most satisfactorily by operation. 

Separation of the Lower Femoral Epiphysis.—When bloodless reduc- 
tion fails, operation will be necessary. 

Fracture of the Patella—With separation of %4 inch or more should 
be operated on. 

Fracture of the Bones of the Leg—Fractures with marked displace- 
ment in which skeletal traction does not satisfactorily reduce the fragments 
should be operated upon. Posterior and anterior “lipping” fractures that 
cannot be suitably held by nonoperative means should be operated on 
(Fig. 1603). Many oblique tibial fractures should be operated, for fibrous 
union does often occur and a perfect early operative reduction will give 
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Fig. 1606.—Drawing illustrating completion of the operation upon the bone. Note the bone 
peg driven into screw hole holding fragments together. The peg has been cut flush with the 
tibia. (Lounsbury and Metz.) 





Fig. 1607.—Fracture of the lower end of Fig. 1608.—Same as Fig. 1607, anteroposterior 
the tibia and of the fibula. Lateral view. view. (Lounsbury and Metz.) 
(Lounsbury and Metz.) 
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the greatest likelihood of bony union. Early operation in these cases 
means early accomplishment of function. 





Fig. 1609.—Same case as Fig. 1607 after operation by heterogeneous bone peg. Note bone peg 
in situ and general alignment. (Lounsbury and Metz.) 





Fig. 1610.—Case of a girl sixteen years old. Epiphyseal separation and fracture of the 
lower end of the tibia. Three weeks following the injury, see adjoining cut, replacement of 
fragments by operation, the fragments were held by a bone peg. (Lounsbury and Metz.) 


Fracture of the Ankle.—Fractures entering the ankle joint in young, 
active adults, which cannot be replaced and held replaced, demand opera- 


tion (Figs. 1602-1604). 
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Fracture of the Bones of the Forearm.—Thomson has used a method 


of direct leverage under the fluoroscope which has proved useful. 





i 


Fig. 1611.—Anteroposterior view of frac- 
ture of both bones of the forearm in a child of 
seven years. Note overriding and lateral dis- 
placements and angulation. A type of fracture 
wisely treated by operation. 


SS 


the shaft of the radius. 


Fig. 1613.—Same as Fig. 1612. Lateral view, 
showing that, although the lateral displacement is 
eliminated, there is remaining an anterior bending of 
This might have been cor- 
rected completely had the x-ray record been made im- 
mediately following the operative replacement. 


ipises 








Fig. 1612.—Lateral view of same case as 
Fig. 1611. Note anteroposterior displacements 
and overriding. 





Fig. 1614—Roentgenogram of 
fracture of radial shaft with consider- 
able shortening and consequent over- 
lap of radial fragments. Treatment 
by open reduction, no internal reten- 
tive splint. The above is the result 
anatomically. 


sound, safe and efficient method. In all fractures in which open operation 
is indicated, excepting comminuted and compound fractures; when either 
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Fig. 1615.—Type of lever used. (Thomson.) 
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Fig. 1616.—Direct leverage as performed with a head fluoroscope and shock-proof x-ray unit. 
(Thomson.) 
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Fig. 1617.—Drawing showing a fracture of the radius and ulna at different levels: the 
fracture of the ulna is reduced; the fragments of the radius are overriding after attempted reduc- 
tion. A represents the position of the lever at the beginning of reduction. The end of the 
lever is against the lower fragment, and the shaft of the lever is against the upper fragment. 
The lever is carried through the are, as indicated by the arrows, thus overcoming the overriding 
and depressing and lifting the upper and lower fragments into apposition. The dotted line 
represents the reduced fracture. B shows the position of the lever after it has been carried 
through the are necessary to bring about reduction. (Thomson.) 


radius or ulna is fractured and is difficult to reduce; when there is a green- 
stick fracture of one bone and overriding of the fragments of the other, 
under the above conditions leverage may be used. For the exact technic 
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Fig. 1618. Fig. 1619. 


Fig. 1618.—Anteroposterior view of fracture of both bones of forearm. Found difficult to reduce. 
(Thomson.) 


Fig. 1619.—Lateral view of same as Fig. 1618. (Thomson.) 








Fig. 1620. Fig. 1621. 
Fig. 1620.—Reduction by Thomson’s method, anteroposterior view after treatment. (Thomson.) 


Fig. 1621.—Lateral view of case seen in Figs. 1615-1617. Treated by Thomson’s leverage method 
Functional result perfect. (Thomson.) 


followed by Thomson see his description of the operation! (Figs. 1615- 
1617). 


1 Journal Bone and Joint Surgery, vol. xviii, April, 1936. 
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Fracture of the Os Calcis.—If the line of fracture enters the astragalar- 
calcaneal joint an immediate restoration of the foot to its best position is 





3 4 
Fig. 1622.—1 and 2, A fracture before treatment. 3 and 4, After leverage treatment. (Thom- 
son.) 


necessary and if an unsatisfactory result follows then an arthrodesis of the 
joint is wise treatment (Allison, Wilson) . 
The Cotton, Hall, Magnuson, and Straus maneuvers are valuable. 


CHAPTER XLII 


UNUNITED FRACTURES) 


Wuen one considers the various events at the site of a fracture and the 
orderliness and precision of the steps in the uninterrupted reparative proc- 
ess and the generally recognized factors favorable to complete union, it is 
not strange that at times the process of repair is interrupted, delayed, or 
is even entirely absent. 

It is possible by the proper interpretation of carefully taken w-ray 
plates of the seat of fracture to determine whether only delayed union 
exists or whether a terminal condition of nonunion is present. 

In the former condition some evidence of bone activity will be manifest; 
in the latter condition all evidences of bone proliferation will be absent. 
Hence, in nonunion it may be said that a fixed state (Henderson), or, as 
I like better to express it, a terminal condition exists. This terminal con- 
dition of a fracture—nonunion—results from the inactivity of the process 
of repair. The final union of a fracture may be delayed some years after 
the original injury. Nonunion of a fracture may exist as early as a very 
few months after the injury. 

Time of Union of Uncomplicated Adult Fractures.—The time of union 
may vary within wide limits, dependent, of course, upon many conditions. 

In cases of delayed union the process of repair may be stimulated to 
activity by certain methods of treatment and good union of the fracture 
secured. 

In cases of nonunion all these effective methods of treating delayed 
union will fail and will be found to be absolutely useless, the bone having 
ceased any attempt at repair. The bone is incapable of spontaneous union 
(Hey Groves). 

The usual method of determining the existence of nonunion has been to 
exhaust all measures calculated to promote union even for many months. 
If the bone refuses to respond to this stimulation to activity, nonunion is 
said to exist. 

It is no longer necessary to delay and experiment as to whether union 
will take place between fractured bone ends. A careful study of the a-ray 
will usually determine the presence or absence of signs of the active repar- 
ative process. 

Obviously, there may be instances in which the carefully taken x-ray 
will be unable to detect a beginning of the reparative process, and yet such 
a fracture may begin after a time to form new bone, thus becoming a case 
of delayed rather than one of nonunion. Such unrecognizable cases of 
potential nonunion, however, will be rare. After all is said and done, the 
x-ray test is the best early test yet employed in determining whether a 
certain case is one of nonunion or one of delayed union. 
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It is estimated that probably from 2 to 3 per cent of all fractures in 
civil life are at present cases of nonunion. Hey Groves’ estimate is 4 to 
5 per cent, but this seems a bit high. 

Of course, it is very important that the diagnosis of nonunion should 
not be made if there is only delayed union. Nonunion should not be mis- 
taken for delayed union. Delayed union will require expectant and non- 
operative methods of treatment, while nonunion will require in most 
instances some operative procedure; or no operation upon the bone, but 
the permanent use of some form of retentive splint so carefully constructed 
as to make the situation endurable and useful. Consequently, a careful 














Fig. 1623.—Note nonunion of humerus with false Fig. 1624.—Shows nonunion of 
joint and angulation forward. The line of fracture of the fracture of the humerus; no contact 
lower fragment is transverse. The line of fracture of the of fragment ends, but considerable 
upper fragment is slightly oblique, a small thin fragment gap between fragments. (Waring 
lies between the two main fragments. (Waring and and Milligan, British Journal of 
Milligan, British Journal of Surgery, vol. 9, p. 408.) Surgery, vol. 9, p. 418.) 


and exhaustive evaluation of the conditions in each case will preclude the 
possibility of meddlesome surgery in delayed union. 

Moreover, it will be wise in case of doubt to make a liberal, at least an 
adequate, time allowance for the development of all the corroborative evi- 
dence in favor of nonunion, so as to avoid an error. No one with delayed 
union cares to have an unnecessary operative procedure planned and car- 
ried out. 

Common Situations of Nonunion After Fracture—Hwmerus.—Follow- 
ing a simple closed fracture of the shaft of the humerus in the middle and 
upper thirds of the bone nonunion occurs more frequently than after 
fracture of any other bone. This happens even when the fragments are 
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not displaced. It occurs especially after a slightly oblique or transverse 
fracture. 

After an infected compound fracture of the humerus nonunion is very 
likely to occur (Fig. 1623). 

Comminuted fractures at the middle of the humeral shaft are ordinarily 
followed by good union. Internal steel plates often keep the fragments 
apart, not in contact. This is unfavorable to union. 

Gravity acting through the weight of the forearm may keep fragments 
of the fractured humerus apart and so favor nonunion. 

An overpull through skeletal traction may so distract the humeral 
fragments as to result in nonunion. 
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Fig. 1625.—Showing nonunion of radius Fig. 1626.—Typical appearances in roent- 
from the loss of bone between the fractured gen ray of nonunion of the upper third of femur. 
ends and want of apposition with longitudinal (Waring and Milligan, British Journal of Sur- 
displacement and gap due to the intact parallel gery, vol. 9, p. 409.) 
bone—the ulna. (Waring and Milligan, British 
Journal of Surgery, vol. 9, p. 410.) 


Radius and Ulna.—When the fracture is of both bones and transverse 
or very slightly oblique, and the bone ends are in apposition, there is 
almost always union of the fracture. 

When the fracture is of one bone, without contact of bone ends, either 
because of the original trauma pushing one fragment away from the other, 
or because of loss of substance from an operation or infection, the unfrac- 
tured parallel bone prevents the damaged bone ends from coming together; 
they are held apart. Union cannot take place with such separation. 


Femur—tThe process of repair seems to be at its maximum in the 
femoral shaft. 


RECORD OF NONUNION CASES MAGUS 


Fractures in the lower third of the femur invariably are followed by 
solid union. Nonunion in this situation is very unusual. 

Nonunion occasionally occurs in the upper third of the shaft of the 
femur, and at the middle third also. 

Nonunion due to a steel plate holding fragments apart is less likely to 
follow in fractures of the femur, for the heavy thigh muscles tend to pull 
the fragments together. 

Tibia.—Nonunion following fracture of the lower third of the tibia is 
frequent. The process of repair is not very vigorous in the lower third of 
the tibia. The fracture is usually oblique. Nonunion is due ordinarily to 
lack of contact of the bony fragments. Occasionally, when alignment and 
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Fig. 1627.—Ununited fracture of the mid- Fig. 1628.—Nonunion in lower third of hu- 
dle third of the humerus. (A. P. Mitchell, merus. (A. P. Mitchell, British Journal of 
British Journal of Surgery, vol. 10, p. 270.) Surgery, vol. 10, p. 271.) 


contact are perfect and with absence of any constitutional disease, union 
does not occur. ' 

Nonunion of the tibial shaft may occur even in children, in whom non- 
union is a rarity. The fibula holds the fragments of the fractured tibia 
apart. 

Record of Nonunion Cases.—Having to do with a case of nonunion, 
the accompanying plan of assembling the facts of the case is helpful. If 
this scheme is followed no salient facts will be omitted. 

Symptoms and Signs of Nonwnion.—In general, it may be said that 
clinically, if there is delayed or nonunion at the seat of a fracture of a long 
bone, there will be found undue mobility at the fracture. The limb will 
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feel weak. There will be tenderness at the site of fracture elicited by 
palpation. The function of the limb will be very decidedly under the 
normal. 
A tabulated scheme of practical value in assembling the facts regarding 
a case of nonunion following fracture (after Renfrew White) : 
A. Inspection (compare with sound side) : 
1. Obvious deformity: shortening, angulation, rotation, lateral 
displacement. 
2. Swelling: its position, size, and shape. 
3. Redness of the skin. 
4. Wasting of muscles. 
5. Scars or sinuses. 
B. Palpation: 
1. Tenderness. 
2. Heat. 
3. Thickening of the bone: amount, shape, position. 
4, Presence of abnormal mobility: level, degree, pain on move- 
ment; crepitus on movement. 
5. Palpable evidence of displacement. 
C. Measurements: 
1. Length of bone or segments of limbs compared with other 
side. 
2. Circumference of limb at level of fracture. 
3. Other measurements in special regions fractured. 


D. Range of movements of joints of limbs—active and passive. 
E. State of muscles of limb: 

Wasting, spasm, paralysis, from nerve involvement: or absence 
of function; adaptive shortening; involvement in scar tissue 
adhesions. 

F. Complications: Nerve. 
G. «-Ray examination: Shape of bone ends; record of persistent dis- 


placements, longitudinal, lateral, angular, rotatory. The amount 
and position of the new bone formation. 
H. Record of deformity: Sketch; cast; photograph. 


CERTAIN CIRCUMSTANCES UNDER WHICH NONUNION OF FRACTURES OCCURS 


Types of Nonunion.—(1) All gross conditions seem ideal. (2) All 
gross conditions ideal, excepting use of nonabsorbable fixation. (3) Sepa- 
ration of fragments by distraction. (4) Loss of bone. (5) Absence of 
contact, due to intact companion bone. (6) Fragments held apart by 
steel plate. (7) Lack of contact due to position, angularity. (8) Mus- 
cular interposition. (9) Inadequate fixation. (10) Interference with the 
vascular supply. (11) An infection, chronic, with sequestration. (12) 
Frequent readjustments of fractures. (13) Too early locomotion, with 
weight-bearing unprotected. 

1. Gross Conditions Seem Favorable to Union—It happens that the 
fractured bone fragments are in alignment. The ends of the fragments 
are in direct contact. The gross structure of the bone ends at the seat of 
fracture is normal. The line of fracture is transverse or only slightly 
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oblique. Despite these condition, however, bony union does not occur. 
Only fibrous tissue union exists. Such, at times, is the result of fracture 
in the middle of the humerus and in the lower third of the tibia. 

2. Following Nonabsorbable Sutures—The conditions just outlined 
may exist; in addition, there may be certain changes in the bone ends. The 
fracture may have been operated upon with the use of wire, suture, or by 
steel plate. Still no bony union occurs. 

3. Too Great Traction.—Such severe traction may be employed by the 
surgeon, or there may exist a distraction force (gravity, muscular contrac- 
tion) of such degree as to separate the fragments of a fracture. A distinct 
gap exists between the fragments. Nonunion of the fragments thus sepa- 
rated will result. This type of nonunion is most often seen in patella and 
olecranon fractures, and in fractures of the humeral shaft. An actual loss 
of bone from the fracture site may leave a separation of the two fragments. 
A very slight gap between fragments will prevent bone repair. Small frag- 
ments, despite the presence of sepsis of a mild form, may maintain their 
vitality. 

4. Loss of Bone—During the war those compound fractures treated by 
removal of loose fragments from the site of fracture, irrespective of whether 
they were periosteally attached or not, were often followed by nonunion. 
(Treatment of Compound Fractures.) There is no evidence of the re- 
construction of the diaphysis of an adult bone after a considerable portion 
of it has been removed. The free removal of bone at the site of fracture 
almost inevitably leads to an ununited fracture (Hey Groves). 

5. Absence of Contact Due to Intact Companion Bone—lIn the radius 
and ulna, when a loss of substance exists in one bone, the unbroken bone 
prevents by its very rigidity the approximation of the broken ends. When 
the humerus is ununited, its hanging at the side of the patient, unsup- 
ported, will through the action of gravity tend to keep the lower fragment 
away from and out of contact with the lower end of the upper fragment. 
If the tibia is broken and there is a loss of substance of the bone, the 
unfractured fibula may prevent the close approximation of the tibial frag- 
ments, thus favoring nonunion. 

6. Steel Plate —The application of a steel plate to the fractured bone 
fragments may actually hold bone fragments apart and prevent union 
(Fig. 1665). Very many cases of nonunion are associated with this form 
of maltreatment. A bone plate may be so misapplied as to hold fragments 
apart, and so applied as to maintain firm bony contact. 

The application of a steel plate to facilitate the union of bone in a case 
of nonunion is to be strongly deprecated, excepting, of course, in very 
special and appropriate cases. 

A bone plate may hold bone ends rigidly, even in exact apposition, so 
that the ends of the fragments touch one another; but the ends of the 
bones may undergo slight absorption, thus causing a gap or interval ever 
so slight; this gap is unfilled and nonunion is the result. 

Possibly the suggestion to restrict the use of plates of steel to the large 
bones with ample blood supply and which may require unusual force to 
hold them together, will diminish the cases of nonunion from this cause. 

Early open operation with the application of an internal nonabsorbable 
splint (steel plate) may be a factor in nonunion, due to the presence of the 
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steel plate. Trout contends that experimental, theoretical, and clinical 
data all point to the presence of the plate as a factor in nonunion. 

Of 32 adult human cases of nonunion, 70 per cent had had previous 
early operation with steel plate. Of 211 cases of nonunion occurring in 
Henderson’s series, 66 per cent had had previous early operation with steel 
plate. These figures are significant and suggestive. 

7. Lack of Contact.—Displacement due to shortening of the limb only 
—where there is usually bony contact—is followed by union. It is the 
angularly placed fragments, without bony contact, with distance between 
fragments so great as to preclude gap bridging, in which nonunion occurs. 
This type of nonunion occurs in the femoral shaft. 
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Fig. 1629.—Case of nonunion; ends fresh- Fig. 1630.—Same case as that in Fig. 1629, 
ened; intramedullary peg used as an internal two years subsequently. Function of the 
splint, fresh fracture chips inserted from the shoulder is excellent. (After A. P. Mitchell, 
iliac crest; union satisfactory. (After A. P. British Journal of Surgery, vol. 10, p. 270.) 
Mitchell, British Journal of Surgery, vol. 10, 

p. 270.) 


Poor, faulty, and inadequate initial treatment is the immediate occa- 
sion of such a result. The neglect of traction and disregard for the general 
alignment of the limbs are the contributing factors to shortening and lack 
of fragment contact. 

8. Muscle Interposition—Uninfected and closed transverse fractures 
result in nonunion at times. Where there is a good alignment of fragments 
and end-to-end approximation associated with nonunion, it is likely that 
there will be found interposition of muscle tissue. 

The penetration of fragments through muscle masses or through fascia 
resulting in tissue interposition will result in nonunion. 

In civil life many of the forces—a fall from a height, an automobile 
accident, crushing by heavy weights, causing fracture of the shaft of the 
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femur—produce a lateral or twisting displacement without open wounds. 
The fragments of the femur are displaced considerably. The muscle 
masses slip between the displaced ends and stay there. Nonunion follows. 

Properly applied traction resulting in an impossibility to reduce the 
fracture completely after two or three days’ trial should arouse suspicion 
of muscle interposition (Kidner). 

The long head of the biceps has been so caught between the oblique 
fragments of the humeral shaft fracture as to prove an obstacle to redue- 
tion as well as delay to union. 











Fig. 1631.—Final result of tibial graft for Fig. 1632.—Final result of tibial graft for 
nonunion of the radius, two years after the nonunion of radius, three years after the opera- 
operation. Canalization of the graft is almost tion. Note the complete canalization of the 
complete. (After A. P. Mitchell, British Jour- graft (see Fig. 1631). (After A. P. Mitchell, 
nal of Surgery, vol. 10, p. 267.) British Journal of Surgery, vol. 10, p. 267.) 


9. Inadequate fixation of fragments is found to favor nonunion, espe- 
cially if it exists at the beginning of the process of repair. This is the time, 
at the beginning of union, when complete rest is most desirable; for great 
freedom of movement pulls on the soft callus, breaks it, and injures delicate 
capillary vessels. The result is fibrous tissue union, and possibly nonunion. 

There are four situations where great care must be used to keep frag- 
ments in suitable position and sufficiently immobilized: 

(a) In the upper end of the humerus the bone becomes angulated out- 
ward. This can be prevented by keeping the arm in abduction. 
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(6) In the radius there is always a tendency to pronation, which must 
be prevented by a splint from above the elbow to hold the arm supinated. 

(c) At the upper end of the femur there is a tendency to angulation 
outward. After correcting this original deformity by flexion of thigh and 
by abduction of thigh, this position of abduction must be maintained by 
fixing a splint to the pelvis and lower extremity. 

(d) There is a tendency for femoral shaft fractures to sag backward. 
After suitably correcting this tendency and restoring the normal anterior 
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Fig. 1633.—Grafting operation done for Fig. 1634.—Massive lateral tibial graft 
nonunion of radius. Medullary canal com- united strongly with host bone at both ends. 
pletely reformed. Massive tibial graft used. Appearance by roentgen-ray record seven 
(After A. P. Mitchell, British Journal of Sur- weeks after grafting operation. (After A. P. 
gery, vol. 10, p. 267.) Mera British Journal of Surgery, vol. 10, 

p. 259. 


bow of the femoral shaft, the corrected position must be adequately main- 
tained while the patient is ambulating for several months (Hey Groves). 

10. Interference with the vascular supply to the bone near the seat of 
fracture is associated with nonunion. 

The periosteum has a distinct function in bone repair. That function 
is important even though the idea, once maintained, that the periosteum 
per se is the only source of bone formation, is no longer tenable. It is 
through the periosteum that a part of the vascular supply reaches the 
bone. When the periosteum is intact bony union is to be expected. 
When the periosteum is experimentally completely divided bony union 
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is not to be expected. When the periosteum is slit bony union may 
or may not take place (Ely). In the treatment of fractures care must be 
taken to increase the blood supply (Bancroft). Nonunion may be asso- 
ciated with damage to the nutrient vessel (Eliason). The separation of 
the soft tissues from the periosteum leads to an impairment of the peri- 
osteal blood supply. A destruction of the periosteal blood supply leads to 
nonunion of fractures (Kolodny). 








Fig. 1635.—Fracture of middle third of 
ulna. Appearances before final graft operation. 
History of case, viz., sequestrectomy. Bone 
grafting. Sepsis. Graft removed. Second 
grafting from tibia. Sepsis mild. Graft lived. 


Fig. 1636.—Condition five months follow- 
ing last operation of grafting. Note callus from 
host bone and appearing along the graft (see 
Fig. 1635). (After A. P. Mitchell, British 
Journal of Surgery, vol. 10, p. 261.) 


The figure shows the condition five months 
after operation. (After A. P. Mitchell, British 
Journal of Surgery, vol. 10, p. 261.) 


If one recalls the appearance of a limb in which nonunion is found, after 
an immobilizing plaster splint has been removed, it will be seen that the 
vascularity of the part has been interfered with and probably is a factor in 
the nonunion. The limb is shrivelled; the skin is dry, pale, and wrinkled. 
The bony prominences are all very noticeable. The limb is cool. The 
musculature is atrophied, small, functionally inactive. Is it surprising 
that under these conditions the bony tissue is equally imactive and slow? 
Compressed by bandages and splints, with the possibility of a rupture of 
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certain vessels having occurred going to the distal fragment, the limit is 
not normal. 

Moreover, the fact must always be kept in mind that with bandages 
circularly applied in making a plaster of Paris splint there may be failure 
to secure the proper length of the limb; hence overlapping of the fragments 
may exist, with which deformity nonunion is at times associated. 

11. An infection at the seat of fracture, while acute, will retard the 
reparative process in the bone; but if this infection-is controlled as it sub- 
sides, the process of repair will be resumed and possibly even accelerated. 
Late union of the bones does occur in the presence of sepsis and is, indeed, 
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Fig. 1637—Nonunion of tibia. Trans- Fig. 1638.—Result six months after graft- 
verse fracture of fibula at opposite point to be ing operation of single massive graft. Strong 
grafted. (After A. P. Mitchell, British Journal bony union. Function of leg good. Note that 
of Surgery, vol. 10, p. 272.) the graft is firmly united to each fragment (see 

Fig. 1637). (After A. P. Mitchell, British 
Journal of Surgery, vol. 10, p. 273.) 


simply a part of the phenomenon of union by granulation tissue (Hey 
Groves). 

Actual necrosis of the bone at the seat of fracture, whether mechanically 
separated from its blood supply or because of sepsis, will cause delay or 
failure of union (Hey Groves). This is rare. If the necrotic bone is re- 
moved, the probability is that spontaneous union will eventually occur and 
no grafting operation will be necessary. 

12. Frequent Readjustments of Fractures—Misdirected zeal on the 
part of the surgeon in civil practice will often result in conditions un- 
favorable for repair. Splints are removed early, the bony fragments are 
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moved, “tested,” to determine whether union has occurred. This inves- 
tigation of the fracture is apt to take place at the very time when absolute 
immobilization is most desirable. Frequent inspection and examination of 
the fracture, resulting in twisting and crushing the parts, has a tendency 
to injure tissues and hinder the process of repair. An impatient surgeon 
may do much harm to a fracture, especially in this early stage. I believe 
that gentleness, the absence of great trauma in the handling of a fracture, 
favors and accelerates the process of repair in bone to a far greater degree 
even than is the case in an ordinary extensive wound of the soft parts. 
13. Too Early Locomotion—It is known that too early continuous 
weight-bearing should not be attempted in fractures of the lower extremity 
for fear of bending at the seat of fracture. A femoral shaft fracture would 
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Fig. 1639.—Case of nonunion of humerus in upper third. Sclerosed bone removed; dista 
fragment impacted into proximal fragment; fixation secured and maintained by. wire suture; 
strong union occurred; function of shoulder excellent. (After A. P. Mitchell, British Journal of 
Surgery, vol. 10, p. 270.) 


bend outward and cause a bowleg. A femoral neck fracture might yield a 
coxa vara. An ankle fracture might be followed by a flatfoot. 

It is also possible that nonunion or a fibrous union may result from 
very early use of the part, not sufficient and not long enough immobility 
having been maintained to secure union. 

Condition of Bone Fragments in Nonunion.—The tissues surrounding 
the fracture are matted together and adherent to themselves and to the 
bone (Waring and Milligan). Fibrous tissue may be found occupying the 
space between the broken ends. In this fibrous tissue about the ends of 
the bone may be latent sepsis. All these conditions are inimicable to bone 


formation. 
Infected fractures which do not unite, and in certain other nonunion 
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cases, the bone ends are dense, hard, brittle, and atrophied. The ends are 
covered by firm fibrous tissue having in it no bone-forming elements. The 





Fig. 1640.—Result of step cut operation Fig. 1641.—Humerus united over a short 
eight months after. (After A. P. Mitchell, ivory peg witha successful result. (After Hey 
British Journal of Surgery, vol. 10, p. 270.) ee British Journal of Surgery, vol. 6, 

p. 214. 


periosteum may be replaced by fibrous tissue and is very adherent to the 
bone. The medullary canal is closed by connective tissue or bone. The 
bone ends are often tapered and conical. 


CHAPTER XLIII 


UNUNITED FRACTURES (Continued) 


Treatment of Nonunion or Delayed Union Without Bone Grafting. —It 
is sane and wise to treat evidently delayed union by methods other than 
bone grafting and major operative procedures. If the delayed union cases 
were adequately treated there would result fewer nonunion cases (Jones- 
Murphy). 

In cases in which there is no bony contact and dense fibrous tissue 
exists, and possibly there is present a small infected focus, where the peri- 
osteum is literally replaced by fibrous tissue, the medullary canal is closed, 
the bone ends are rounded and conical, dense, hard, and nonvascular, the 
surrounding soft tissues are adherent to the bone and to each other—in 
such cases there is no use trying palliative and nongrafting methods, for 
under these conditions there are no active factors for repair present to be 
stimulated. 

If an infection is present actively or potentially at the seat of nonunion, 
see page 1139 for suggestions as to the best procedure prior to a grafting 
operation. Briefly stated, one may operate at once, or delay operation for 
a certain time, or do the first step of a two-stage operation. (See p. 1137 
for a discussion of a choice of these methods.) 

Stimulation to the formation of callus has been tried in various ways. 
The application of a carefully fitted splint, if the lower extremity is in- 
volved, which, while protecting from angular deformity, allows of a certain 
amount of locomotion contact, will often be followed by gradual stiffening 
and eventually firm union. The value of this method lies not so much in 
the local irritation at the site of fracture as in the strain put on the longi- 
tudinal axis of the bone (Speed). The bone will respond to the normal 
physiological demands put upon it (Wolff). 

Passive congestion as advocated by Bier and by Thomas may be tried. 
A tourniquet of rubber tubing (Fig. 1642) may be applied above and 
below the seat of fracture (Thomas). A very definite and local congestion 
may be secured by this method. 

A flat rubber band tourniquet (Bier) may be applied above the frac- 
ture site. This is applicable especially to the forearm and leg bones and 
produces a satisfactory congestion. 

In using either of these methods, of course, immobilizing splints are em- 
ployed to keep the fragments rigid. The tourniquet is placed tightly 
enough to secure considerable swelling and circulatory stasis about the 
fracture. This constriction must be used intelligently and cautiously. The 
time it is applied may be gradually lengthened until it is used from two to 
three hours intermittently during the day. In two or three weeks con- 
siderable callus may be expected to be developed in favorable cases. 

With the limb elevated, a light plaster of Paris splint (circular bandage) 
may be applied to the limb for fixation purposes. A window is cut oppo- 
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site the fracture site, the limb is lowered and used. Local edema of the 
region uncovered by the window will result, and a consequent stimulation 
is supposed to occur at the seat of nonunion. 

The indolent, almost painless, nonunion case may be treated by a con- 
tinuation of trauma and damming. Under an anesthetic the soft callus 
(fibrous) is broken and the fractured ends turned toward the skin and 
carefully beaten with a mallet, a pulley is applied (Hawley table) to the 
limb—as much length as possible gained by traction—a Thomas splint 
applied, and traction maintained. Damming is used by the application of 
rubber tubing tourniquets (Fig. 1642) above and below the site of frac- 
ture, at first for twenty minutes each day, until they can be borne for 
several hours at a time. The tourniquets should 
be placed tightly enough to secure considerable 
swelling and stasis. 

Injection of various materials about the bone 
ends in ununited delayed union cases is fol- 
lowed by doubtful benefit. The injection of 
blood from the patient, of various emulsions of 
bone marrow, or of calcium phosphate and cal- 
cium carbonate with sterile liquid vaselin, of 
bone filings, of ground bone—all have been tried 
and advocated. I think they should be avoided 
as inefficient. 

I have been impressed by rigid immobility 
as a factor in delayed union. Hey Groves calls 
attention, in this connection, to the role of 
movement in the treatment of fractures advo- 
cated by Lucas-Championniére, saying that 
movement must be regulated by three condi- 
tions: They must be (1) painless, and they 
must not (2) tend to displace the fragments 

: from one another, or (3) change the alignment 
el ee of the bone. The carrying out of these three 
and below a fracture of the conditions will not be incompatible with suitably 
sate eat oe aed l prolonged immobilization and early active and 
and stimulation of repair. passive motion. 

General Causes of Delayed Union and Non- 
union.—There is, as far as I am able to determine, no positive proof that 
the following diseases and conditions are important in the causation of 
nonunion of bone: pregnancy and the period of lactation, malaria, severe 
hemorrhages, starvation, any of the so-called “cachexias,” diseases of the 
central nervous system (general paralysis, tabes), diseases of the ductless 
glands, nephritis, acute febrile diseases, old age as such. 

It is possible that the repair of fractures may be a bit more slow under 
the above conditions, but that any one of the above conditions is an ade- 
quate cause in itself of nonunion is yet unproved. 

There is probably only one general disease which has a marked influence 
on bone repair, which may be reckoned with as a hindering force in cases of 
delayed union, and that is syphilis. The clinical evidence is certainly un- 
mistakably sure that, apart from local factors, syphilis influences the repair 
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of bone. There are cases of closed fracture with few other important local 
causative conditions present which have resisted ordinary careful con- 
ducted fracture treatment, and which fail to unite. The Wassermann test 
is found to be strongly positive. Antiluetic treatment is judiciously insti- 
tuted. Within a few days the reparative processes are under way and union 
of the fragments advances to solid bone. Such clinical experiences are to 
be numbered by the score, and whereas I am unaware of any direct con- 
firmatory findings of the Spirochaetae pallidae at the fracture site, still the 
clinical evidence is convincing that syphilis at times is a potent factor in 





Fig. 1643.—Dog No. 1 on regular diet. Plate taken at time of fracture. Calcium 10, phos- 
phorus 5.8, product 58. (Petersen, Johns Hopkins Hospital Bulletin, November, 1924.) 


delaying the reparative processes of bone. It is true also that in the pres- 
ence of syphilis closed fractures do unite without antiluetic treatment. 

Clinical Factors in Nonunion.—In view of the remarkably clear and 
valuable experimental and clinical work of Petersen," it may be said that 
the general deficiency in the calcium and phosphorus serum content of 
the blood is at times an adequate factor in delayed and nonunion. Here 
is the place to record this important contribution to bone repair. 

As stated elsewhere, the following theory of bone chemistry seems of 
real practical value. There probably is no definite bone-producing cell. 
The osteoblast, whatever its origin, may elaborate that which assists in 


1 Journal of Bone and Joint Surgery, October, 1924. 
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the deposition of lime salts. The complex salt, calcium carbonophos- 
phate, carried as such in blood, is precipitated in the future bony matrix 
by a change in the carbon dioxide content of the tissue, and after deposi- 
tion is finally converted into two components, calcium carbonate and 
tertiary calcium phosphate. Calcification, according to Wells, occurs in 
dead tissue, whereas ossification takes place in living tissue. Exactly 
how these bone salts are deposited or added in the process of repair is, 
of course, as yet unknown. 

Nonunion is especially common after osteotomy for bowlegs, rachitic 
in origin. A study of the x-rays of rachitic children, in whom single or 





Fig. 1644.—Dog No. 1 on adequate diet. Plate taken four weeks after fracture. Calcium 
10.3, phosphorus 5.6, product 57.7. Fracture healed solidly. (Petersen.) 


multiple fractures occurred, revealed the fact that when the bones showed 
a healing of the rachitic condition, the coexisting fractures also showed 
healing. No healing of the fracture was observed until the rachitic condi- 
tions showed improvement. 

The use of calcium by certain clinicians and of yellow phosphorus by 
Phemister in treating nonunion efficaciously also is suggestive. It was 
found by Petersen in 9 cases of ununited fracture occurring in adults that 
a low calcium and phosphorus serum content existed. Those having a low 
phosphorus content were placed on a diet rich in phosphorus. Those 
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having a low calcium content were placed on a diet rich in calcium. Of 
8 patients treated, 7 went on to solid bony union; one is still ununited. It 
required treatment for about three weeks before the blood serum examina- 
tion showed an increase in the low salt. 

As a control to these cases a similar number of apparently normal per- 
sons with fractures were studied, and the calcium and phosphorus serum 
content determined at the time of the fracture and when union was com- 
pleted, as well as at intervals between. 

During the process of union there was little or no increase in the cal- 
cium or phosphorus of the blood serum. 





Fig. 1645.—Dog No. 2 on diet. Plate taken at time of fracture. Calcium 8.9, phosphorus 3.5, 
product 32. (Petersen.) 


In many cases of ununited fractures there is an underlying basis, a con- 
stitutional disturbance responsible for the condition, demonstrable as a 
deficiency in the inorganic bone-forming elements of the blood. This de- 
ficiency shows itself as either a low phosphorus or a low calcium, in most 
instances the former. In those patients presenting a low phosphorus there 
is usually an abundant callus, but no calcification; whereas, those patients 
with low calcium usually show little or no callus. 

The calcium and the phosphorus were determined and expressed in milli- 
grams per 100 cc. of serum. These determinations were multiplied together 
and the product spoken of ‘as the “inorganic calcium and phosphorus 
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content” for that individual. A ‘calcium of 10.4 and phosphorus of 4 would 
yield a product of 41.6. 

It was found that no healing of the fracture takes place when the inor- 
ganic constituents calcium and phosphorus are so reduced that the product 
of these elements is less than 30; little healing takes place between 30 and 
35; active healing results with a product between 35 and 40. 

Patients with ununited fractures in whom there is a deficiency of one 
or the other of these elements will, when the deficiency is compensated, go 
on to healing. 





Fig. 1646.—Dog No. 2 on inadequate diet. Plate taken four weeks after fracture. Cal- 
cium 9, phosphorus 3.2, product 28.8. Fracture ununited. No union after three months. 
(Petersen.) 


The experimental work on dogs is so valuable, also done by Petersen, 
that I likewise quote freely from it the salient points. 

It was found that in the clinical study of nonunion in the human the 
optimal product of healing in normal fractures was between 35 and 40, 
whereas in many patients with an ununited fracture the product was below 
30. This latter product was concluded to be entirely inadequate for bone 
healing. 

The method of procedure in the conduct of these experiments was as 
follows: First, to determine the normal calcium and phosphorus content 


1 Johns Hopkins Hospital Bulletin, November, 1924. 
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in the serum of dogs; next, to diet these animals, calculating to reduce the 


phosphorus content of the serum; and finally, to produce fractures and ob- 
serve healing. 








Fig. 1647.—Dog No. 4 on inadequate diet. Plate taken four weeks after fracture. Calcium 10 
phosphorus 2.4, product 24. No union. (Petersen.) 
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Fig. 1648.—Dog No. 7 on inadequate diet. Plate taken four weeks after fracture. Calcium 
9.8, phosphorus 2.7, product 26.5. No union. (Petersen.) 


Conclusions from the dog experiments: 
1. In the healing of fractures a definite relationship exists between 
the concentration of the inorganic bone-forming elements in the serum and 


the rate of repair. 
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2. If the phosphorus content of the blood serum of the dog is reduced 
by diet to such a degree that the product of the calcium and phosphorus 
is less than 30, fractures will not unite. 

3. If the phosphorus and calcium-phosphorus product are again raised 
to their normal dog level, the fractured bones will unite. 

Consequently, we have in the above carefully observed human cases 
of fracture combined with the equally carefully conducted animal experi- 
ments satisfactory evidence of the significance and importance of these 
general factors in bony union. Confirmatory evidence of these data will 
be awaited with great interest. 
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Fig. 1649.—Dog No. 4 on diet. Plate taken four weeks after fracture. Calcium 10, phosphorus 
2.4, product 24. No union. (Petersen.) 


To Prevent Nonunion.—In approaching the treatment of any and of 
every fractured bone, therefore, it is important that the surgeon should so 
carefully safeguard the treatment instituted that he may preclude the pos- 
sibility of any deviation from the normal healing, so that delayed union 
and nonunion may not occur. A carefully conducted treatment will min- 
imize the liability to nonunion. The surgeon should check up his treatment 
in its various steps. He should inspect each step somewhat as follows: 

1. Is the fracture well reduced? «-Rays to be taken in two planes, 
and when possible and desirable stereoscopic a-rays should be had. “Well 
reduced” will mean that there is (a) good alignment of the fragments; 
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(6) good length of the limbs; and (c) end-to-end apposition when 
possible. 

2. Is the immobilization of the part satisfactory? Is there a minimum 
amount of motion at the seat of fracture 

3. Is the circulation of the part good? 

If these three questions can be answered affirmatively, there is a 
minimum likelihood that delayed union or nonunion will occur. 
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Fig. 1650.—Dog No. 4 on adequate diet. Control animal to Dog No. 4. Plate taken four 
weeks after fracture. Calcium 10.2, phosphorus 5.7, product 58.1. Union solid. (Petersen, 
Johns Hopkins Hospital Bulletin, November, 1924.) 


When the surgeon is required to care for a fracture of that bone where 
nonunion is common, it is important that he have actively in mind this 
possibility, so that, being forewarned, he may be forearmed against this 
serious condition. 

In connection with the constitutional or general cause of nonunion it 
must not be lost sight of that certain experiments prove beyond a reason- 
able doubt that endocrine disturbances may play a prominent roéle in the 
suppression of regenerative processes of bone (Kolodny). 


CHAPTER XLIV 


BONE GRAFTING 
SECTION A 


Historical Summary.—Ollier in 1858 established the fact that bone 
could be implanted in the body and not be extruded. He believed that 
the entire graft remained viable. He believed that the periosteum was 
important in maintaining the life of the graft. 

Radzimowsky and Bonome and Barth presented facts which seemed 
to prove that the graft disappears eventually and is replaced by new bone. 
The source of the new bone is the surrounding osteogenic tissue. 

Axhausen in 1908 maintained that portions of the periosteum remained 
viable and produced new bone. When the transplant had a function to 
perform, the activity of the periosteum reached its greatest degree. The 
bone graft disappears and is replaced. 

Macewen believed that the new bone comes from the bone osteoblasts 
of the transplant and that the periosteum is a limiting membrane only. 

Baschkirzew, Petrow, Bancroft, Neuhof, and Gallie believe that peri- 
osteum and bone marrow are not essential for the regeneration of bone in 
a bone transplant. The chief source of the new bone is the layer of tissue 
of the host surrounding the transplant. 

The Histological Changes After Bone Grafting.—Experimental study of 
bone transplants. 

The facts and statements contained in this section are essentially taken 
from the Surgical Monograph of Harold Neuhof on The Transplantation 
of Tissues, D. Appleton and Co., 1923. This monograph seems to me to 
present a sane and clear view of the present state of knowledge on this 
subject. 

Bone Grafting.—The liberation of substances from the slowly disin- 
tegrating graft is a physicochemical stimulus resulting in the metaplastic 
formation of bone tissue from the adjacent connective tissue of the host. 
The bone cells of the graft die more or less rapidly, depending on their 
distance from the source of nourishment in the host. 

Periosteum and endosteum undergo at least partial necrosis. There is 
no conclusive evidence that bone is derived from the periosteum or the 
endosteum of the graft. All evidence points away from periosteum as a 
source of bone formation. The periosteum is not osteogenic. The pres- 
ence or absence of the periosteum in autogenous bone transplants has no 
decided influence on the activity of the subperiosteal osteoblasts (Gallie 
and Robertson) . 

The periosteum plays, however, an important réle in bone transplanta- 
tion. Primary adhesion of the tissues of the host occurs most readily in 
the presence of periosteum. Periosteally covered bone grafts heal in place 
most promptly. Periosteally covered grafts tend to show slower absorp- 
tion phenomena. The periosteum is of great importance because of its 
control of the circulation throughout living bone. 
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New bone formation in and about a graft is somewhat dependent upon 
stress and strain upon the graft (Neuhof). 

The histological picture of all writers and investigators is the same after 
bone grafting. Controversies have arisen in the interpretation of the 
findings. 

Changes Taking Place in the Transplant.—The first union of the trans- 
plant with the surrounding tissue occurs by a fibrinous exudate. The latter 
becomes organized, a layer of new connective tissue being laid down. 

The degeneration of the graft and its replacement begins at this early 
stage. 

Umon of the graft with the adjacent bone is by means of callus derived 
from the host. After three weeks the muscle and other tissues close to the 
transplant become rapidly adherent to the surface of the graft. 

Union with surrounding tissues occurs more rapidly if the transplant 
is covered by periosteum than without it. After six days, however, no dif- 
ference is noticeable in the vascularization with or without periosteum. 

Evidence of the absorption of the graft appears in the nuclear changes 
of the bone cells, in the lacunar absorption from the surface, from the 
haversian canals, and from marrow spaces of the graft. The process of 
substitution goes on along with the process of absorption. Connective 
tissue cells and young blood vessels invade the bone marrow, haversian 
canals, so that after about eight days the transplant is surrounded and 
permeated by a vascular young connective tissue. 

Calcification begins about the fifth day in the richly cellular connective 
tissue. Osteoblast-like cells appear. Bone lamellae appear on the sur- 
face and about the haversian canals of the graft framework—skeleton. 
New bone formation keeps pace pretty constantly with the absorption of 
the dead bone of the graft. The vessels of the graft disappear, as does the 
osseous portion. The marrow of the graft shows evidence of degeneration 
after about seven days and replacement by a connective tissue which be- 
comes very massive and rich in blood vessels. After five weeks the re- 
placement of the contents in the marrow space is advanced. 

No single element of a bone graft is essential for successful transplan- 
tation. The bone marrow is perhaps of minor importance. Persistent 
viability and an osteogenic process originating in the periosteum have 
not been proved. The practical importance of transplanting overlying 
periosteum with bone lies in the fact that early union of the graft with the 
surrounding tissue occurs and the process of orderly replacement of the 
transplant by bone is thereby invited and favored. 

From the histological findings, it is to be concluded that a bone trans- 
plant dies as a whole. Some elements necrose more slowly than others. 
This varying duration of viability of the graft influences the rate of the 
replacement phenomena and is thus a factor in obviating too rapid absorp- 
tion of the graft itself. The clinical importance of this fact is obvious 
(Neuhof) . 

The graft is a passive regulator of the rate of repair. 

The presence of an autogenous graft may not only be a regulator of 
repair but a distinct stimulator of the latent reparative processes in the 
host tissues. This is evident from the histological experimental studies 
following grafted fractures of bone. Nonunion conditions have actually 
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prevented the factors entering’ into the processes of repair from func- 
tioning. 

Inert substances, such as bone plates, serve one purpose only, the fixation 
of the fracture. The autogenous bone transplant introduces into the situa- 
tion a stimulus to osteogenesis which is absent in the ordinary ununited 
fracture. The steel bone plate supplies a temporary fixation and nothing 
more. Associated with the presence of the steel plate is often and usually 
a prohibitory influence on bone production where the plate lies. 

A bone transplant is not a foreign substance. It does not require later 
removal. It does not invite rarefaction of adjacent bone. A bone grafting 
is therefore ideal for the treatment of nonunion and pseudarthrosis. 

Contraindications to Bone Grafting.—The presence of an infection at 
the site of the proposed graft is an absolute contraindication to an autog- 
enous grafting operation. An infection of the bed from which the graft is 
to be removed is also a contraindication. The failure of a graft because of 
infection may prove to be a real disaster and necessitate serious conse- 
quences, not only at the situation of the graft but at the place from which 
the autogenous graft was secured. 

Whenever satisfactory results may be expected from the use of ordinary 
surgical measures, bone grafting is contraindicated (Neuhof). Bone graft- 
ing should be reserved for the times when it is very clearly indicated. 

The Operation of Bone Grafting.—The technic of the operation of bone 

grafting has an important influence on the results that are obtained. 
Greater surgical skill and judgment are required in the performance of 
a successful bone graft than is required in almost any other procedure. In 
order that the ultimate success of a bone transplant may be assured, it is 
essential that the surgeon understand the principles which underlie the 
transplanting of bone tissue. The operation of the transplantation of bone 
is not lightly to be undertaken by any tyro in surgery. The processes in- 
volved are recognized as extremely complicated even if not entirely under- 
stood. The successful transplanting of bone tissue requires as thorough 
an understanding as is practicable of these fundamental processes 
(Neuhof). 

Because susceptibility to external influences is one of the striking char- 
acteristics of a transplant, a fastidious technic is one of the most essential 
features of successful tissue transplantation (Neuhof). 

Grafting is a laboratory experiment and requires meticulous care. 

Indications for the Performance of a Bone Grafting Operation: 

In nonunion of a fracture of bone. 

Sometimes in long delayed union of bone. 

To replace the loss of bone in the long bone of a limb. 

In the inferior maxilla where there is nonunion or loss of substance. 

Bone grafting is at present in my judgment contraindicated as a routine 
in the treatment of recent fractures. It is applicable to but few fractures 
of the neck of the femur. It is not applicable to fractures of the patella. 

Success in Bone Grafting.—A successful bone grafting operation will 
depend upon its employment under necessary conditions, where no other 
operation could be performed, with the persistence of the graft until it is 
satisfactorily replaced by the host tissues. 

Autotransplantation of living periosteally covered bone will meet the 
greatest success. 


CHAPTER XLV 


BONE GRAFTING (Continued) 
SECTION B 


General.—The transplantation of bone to the seat of an ununited frac- 
ture forms one of the most brilliantly successful operations in surgery. In 
any given case of nonunion the surgeon should be familiar with (a) the 
total damage to the part, (6) both the general and local causes of non- 
union after fracture, (c) the exact condition of the tissue at the seat of 
fracture, (d) the events following the transplantation of bone tissue under 
both normal and adverse circumstances. Informed and armed with these 
facts, the surgeon will be prepared to undertake intelligently and success- 
fully the technically very important operation of bone grafting. 

The injury which caused the original fracture in a severe accident has 
often done very great damage to other parts besides the bone. Muscles 
may have been torn away or destroyed. A nerve may have been injured. 
Fractures of the tibia may be associated with serious changes in the tibialis 
anticus muscle. There may be a loss of the extensors of the thumb in 
cases of nonunion of the lower portion of the radius. The forearm and hand 
would be useless without the power of extension in the thumb. There may 
be very marked limitation of pronation and supination of the forearm, the 
fingers may be stiff. In nonunion of the radius there may be a great 
deviation of the hand to the radial side. The several joints of an extremity 
may be stiff following injury. 

Many of these associated conditions can be remedied in whole or in 
part prior to a contemplated bone plastic. A carefully planned pre- 
plastic-operative treatment will undoubtedly improve the whole extremity, 
including the joints. Such treatment would include minor operations of 
tenotomy, the stretching of tendons, improving the position of the parts, 
stimulation of the nutrition of the skin, the partial removal of fascial adhe- 
sions, excision of cicatrices, massage, electrical treatment, active and pas- 
sive movements, and hydrotherapy in its various forms. 

A fractured limb treated from the outset by mobilization and massage, 
treated as a complicated machine, is fit and ready to perform its various 
functions the moment union in the bone is adequate to resist strain. This 
is even more true when a limb has been out of commission for some weeks 
or months without union of the fractured bone. Preparatory preoperative 
treatment of ununited fractures certainly will well repay every effort in 
this direction. 

The long duration of nonunion is rarely a contraindication to an opera- 
tion for promotion of union (Beresford) . 

Ununited Fractures without Infection.—Aseptic Cases. Closed Frac- 
tures—In fractures that have never been infected where there is nonunion 
of the fragments, the line of fracture is ordinarily transverse or slightly ob- 
lique. Nonunion hardly ever follows in greatly comminuted or impacted 
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fractures. The ends of the ununited fragments appear in the x-ray about 
normal, they are in apposition or nearly so, a little fibrous tissue lies be- 
tween them, the alignment of the limb is excellent (Fig. 1651). 

Under the above conditions, the simplest type of operation will be car- 
ried out in about the following steps: 
An exposure of the seat of fracture by suitable incision. 
The removal of the adventitious intervening fibrous tissue. 
The freshening of the bony surfaces. 
The drilling of the bone ends to open up bone tissue. 
. The opening of the medullary canal, being sure that its passage is 
free fon vascularization purposes. 
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Fig. 1651—Case I. Nonunion of a fracture of the humerus of seven years’ duration. Note 
dense fibrous tissue between ends of bone fragments. (Allison.) 


6. The bringing of the refreshed fragments into contact end to end, if 
possible, or side to side if necessary, securing bony contact. 

7. Holding the bone fragments in tight and snug apposition by bolt 
and nut or screw or steel plate and screws. 

Magnuson! calls attention to the fact that, in nonunion between the 
fragments of a fracture of the humerus, it is absolutely essential when the 
bone graft is applied snugly to secure immobility of the part. Strain must 
be arranged for without angular motion. Strain in the seat of fracture in 
the bones of the upper extremity takes the place of weight-bearing in the 
fractures of the lower extremity. 

8. Immobilization of the limb following the operation in a dressing or 
splint that will securely and adequately hold the parts immobile. 


* Journal of Bone and Joint Surgery, Oct., 1935. 
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Ununited Fractures with Infection —Infected fractures fall into two 
groups: Those closed simple fractures requiring operation and accidentally 
infected by the surgeon, which have healed. Those compound fractures 
infected at the time of injury, which have healed. 

It is at present with these at one time open but healed fractures that we 
are concerned—the healed compound fracture, the great war fracture, the 
less virulently infected civil compound fracture which has healed. 

The only absolute contraindication to bone grafting is the presence of 
infection. A failure of the graft may be a disaster, and likewise any infec- 
tion in the area from which the graft was removed may be a very serious 
matter. Therefore, as Neuhof says, the indication for any bone grafting 





Fig. 1652.—Case II. Nonunion following fracture of the tibia of three years’ duration. 
Comparing the appearances with those of Fig. 1651, the fibrous tissue is seen to be less dense 
and more cellular. (Allison.) 


operation should always be carefully reviewed with the possibility of infec- 
tion in mind. 

The likelihood of there being in any healed compound fracture potential 
or latent infection will depend in large degree upon the character, extent, 
duration, and result of the original infection. 

An extensive bone damage with slowly healed sinuses will preserve an 
infection in latent form much longer than a fracture associated with an 
incised clean-cut compound wound, which heals ordinarily so readily or 
with slight delay. Whereas a graft may live and function in the presence 
of a mild infection, it is likely to be extruded. 

The utmost care must be taken not to operate in the presence of infec- 
tion. Sepsis then at all costs must be avoided. 

If operation is done in a potentially septic closed compound fracture, 
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the septic process will be started up afresh and this infection may become 
so virulent as to cause serious harm. 

Consequently, in every case of nonunion previously septic the question 
arises: (1) How can one determine whether a closed wound is potentially 
septic? (2) Given a potentially septic case, how long will it be wise to 
postpone a grafting operation? 

The development of local tenderness of the cicatrix of an old compound 
fracture following massage and gentle percussion of the cicatrix suggests a 
latent infection beneath. But the surest way of detecting a latent infection 
is by operating to clear away fibrous tissue as a first step to a plastic pro- 
cedure. 

Ununited fractures with previous infection fall into two groups from 
the point of view of treatment: 

1. That group in which the surgeon will delay a plastic operation for 
from six months to one year, hoping that any mild latent infection will 
meantime have completely disappeared. 

2. That group in which the surgeon will operate in two stages. 

Cases in the first group are ordinarily those in which the original in- 
fection was mild. The previous infection having been mild and months 
having been allowed to elapse since it was active, the surgeon may proceed 
safely with the bone grafting operation, without being fearful of lighting up 
the original infection. 

Cases in the second group, or the two-stage group, are those in which 
the original infection was long continued and virulent. 

Bone Grafting.—The two-stage operation, following infection. 

Preparatory or First Stage.—All easily accessible adventitious fibrous 
tissue is removed by sharp knife dissection from the bone end and from 
neighboring parts. The dense, conical, brittle ends of the bones are fresh- 
ened by sharp, thin osteotome or chisel. The medullary canal, often 
closed by bone or fibrous tissue, is opened. No completely detached 
fragments of bone are left in the wound. The two fracture ends are 
crowded together tightly and are held together and fixed by appropriate 
splints and bandages. The wound is closed after all bleeding has. been 
checked. Contractures of fascia and muscle are treated, overcome if pos- 
sible. 

The benefits of this preliminary operation are that it tends to prevent 
strain in the bone graft by scar tissue and by contracted and contracting 
muscles; and that it prevents the flare-up of sepsis. The bacteria of latent 
infection commonly lurk in scar tissue about the ends of the bones; the 
removal of this cicatricial tissue gets rid of the infecting organisms. The 
removal of scar tissue is associated with considerable bleeding, difficult to 
control absolutely. If this mevitable hemorrhage is carefully controlled 
at the first-stage operation, at the second operation there will be a min- 
imum of bleeding. 

If a flare-up of the infection occurs after the first operation, it will 
follow a mild course. Its complete subsidence is almost a certainty. As a 
postoperative infection is generally fatal to the vitality of part or all of the 
graft, it is most desirable to avoid such an infection. There will be no 
fragments to be discharged, hence the duration of the infection will not 
be prolonged. 


SECOND STAGE 1141 


The discomfort of a second operation is well worth while if the likeli- 
hood of a septic infection is minimized by the preparatory treatment and 
the first operation. These remarks obtain, of course, in connection with 
old compound fractures with nonunion. The World War compound frac- 
tures afforded a large experience which has been most variable in this con- 
nection. 

The second stage may be done after an interval of three weeks if 
no flare-up occurs. It is almost impossible to determine this exact time 
absolutely accurately. In a series treated by the two-stage (Forrester- 
Brown, Edinburgh) method, no infections developed. Most of the cases in 
this series were cases with a history of prolonged sepsis, or cases where a 
previous grafting operation had been spoiled by infection. (See the Opera- 
tion of Bone Grafting: Technic.) 
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BONE GRAFTING—METHODS (Concluded) 
SECTION C 


1. End to End with Fixation—The fragments having been freshened 
and those details carried out already mentioned as being necessary in a 
preliminary first stage, the ends may be approximated and carefully en- 
gaged snugly together, irregularities being carefully fitted to each other. 
Immobilization of those replaced fragments by some form of nonabsorb- 
able metallic fixation material is indicated, dependent upon the bony 
fragments and what form of fixative material is best adapted to the condi- 
tions present in the individual case. It may be that a staple, a wire suture, 
a screw, a steel plate and screws, a band, or a steel plate and bands is the 
desirable material to employ. I have found that in an occasional case 
an absorbable suture, chromic catgut or kangaroo tendon, will be effective, 
but I have been so often disappointed by the inefficiency of absorbable 





Fig. 1653.—Fracture of the body of the lower maxilla. Note small wire suture sufficient to hold 
fracture securely. (Archibald Young.) 


material that I believe it is wise to use a nonabsorbable one. Lack of 
fixation is so important a factor in the failure of a bone grafting operation 
that the surgeon should take no chance of introducing this factor. The 
above will be the simplest procedure in a nonunion case. Obviously, unless 
there is firm bony contact union will not result. A nonabsorbable plate 
applied as just suggested is legitimately employed if it holds the fragments 
in firm contact. It must be remembered that the tendency, as plates 
are ordinarily applied, is for the plate to hold the bone fragments apart and 
separated; that if there is considerable leverage at the fracture site the 
screws may become loosened and cease to hold the fracture; that the screws 
of a straight plate do not hold mechanically perfectly unless there is 
satisfactory contact of fragments; that the screws holding a steel plate may 
become a little loosened after ten days as healing proceeds. All these 
facts obtain and are most important in ununited fragments held by screw 
and plate. 
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Moreover, a plate does not in itself stimulate bone formation but does 
at its site retard osteogenesis. Plating, as Hey Groves says, must always 
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Fig. 1654. Fig. 1655. Fig. 1656. Fig. 1657. 


Fig. 1654.—Fracture with gross displacement and malunion of digital phalanx; an adult male. 
Finger practically useless. 
Fig. 1655.—Same as Fig. 1654; different view. 
Fig. 1656.—Same as Figs. 1654 and 1655, after open operation and fixation by fine “sprig” 
passed along phalanx. Full recovery of function. 
Fig. 1657.—Same as Figs. 1654 to 1656; another view; after fixation. 


(Archibald Young.) 


be regarded as uncertain and unsatisfactory in nonunion cases. It must be 
used as only a means of immobilization. If it is so used, it must be applied 
especially carefully. 





Fig. 1658.—Fracture of shaft of femur in Fig. 1659.—Same case as in Fig. 1658. 


a young girl. Long oblique fracture. (Archi- The fracture was perfectly reduced and held 
bald Young.) securely by two screws penetrating both cor- 


tices. (Archibald Young.) 


Mere mechanical fixation of an ununited fracture will not bring about 
bony union ordinarily. Hey Groves thinks that in certain suitably chosen 
cases one may sacrifice perfect internal mechanical fixation in order to sim- 
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plify the whole operative procedure. External splinting to cause firm fixa- 
tion is absolutely essential in these plated cases of nonunion. A foreign 
body, a Sherman plate, for example, supplies nothing more than temporary 
fixation (Neuhof). 

2. The ‘‘Step-cut’’ Operation.—Freshening the ends of the bone un- 
united so that the freshened surfaces fit together in an angular manner 
is especially useful in fractures of the upper arm and forearm. It may be 
used in the presence of a slight infection. This is applicable to those un- 
united fractures in which the original damage to the bone fragments plus 
the necessary removal of bone for refreshening purposes and plastic result 
in but little shortening of the shaft. 

This plastic method is adapted to the shaft of the humerus, if the total 
loss of substance amounts to 2 or 2% inches or less. If the loss is greater 





Fig. 1660.—Fracture of both bones of fore- Fig. 1661—Same case as Fig. 1660. 
arm, with impaction of radial fragments, and Lateral view. Note wire “sprig” or nail. 
radial displacement of distal ulnar fragment, (Archibald Young.) 
after fixation by open operation. Radial frag- 
ments corrected under anesthetic, but not 
directly fixed. Ulnar fragments fixed by single 
fine “sprig.” (Archibald Young.) 


than this, it is not applicable. Under this latter condition a bone graft is 
indicated (Fig. 1662) . 

Technc.—The bone ends must be freely exposed and properly fresh- 
ened. Each end is cut off square. Half the thickness of each fragment is 
cut out from opposite sides in the shape of a step about 34 inch long. 
This refreshed surface in each bone end is shaped with a square file so as 
to fit the other accurately. The two fragments are then fitted together 
(Figs. 1663, 1664). 

These surfaces are brought into apposition and held securely fixed by a 
temporary bone clamp. Two holes are then drilled through both flanges of 
bone in slightly different directions (for strength). Into each hole are care- 
fully inserted and fixed split pins (cotter pins) or two small bolts and nuts 
(Hey Groves) or screws. Thus wide areas of healthy bone are brought 
together and held firmly in contact. If the bone ends in which a “step-cut” 
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operation is done are unsound, soft, or porous, very careful accessory 
immobilization must be used to prevent slipping of the fragments. 

This operation is less well adapted to the bones of the lower extremity, 
for the necessary shortening of the bone would definitely handicap loco- 
motion. The “step-cut” operation is best done on healthy bones. If the 
bone tissue in which the “step-cut” operation 
is done is seen to be thinned or is very un- 
healthy looking, it is wise to preclude the pos- 
sibility of the “step-cut” operation from being 
a failure from too great motility, by augmenting 
the fixation by means of a bone plate, or by 
being especially careful about the use of external 
fixation apparatus. Osteoperiosteal grafts or 
even a bone graft, such as that employed 
by Mitchell, might very advantageously be 
added. 

A slight infection present or stirred up 
by the “stepping” operation will not preclude 
the success of the operation. 

Mild sepsis in the presence of a fracture 
may be a stimulant to callus formation. Septic 
fractures, as a rule, may be delayed in uniting, 
but rarely result in nonunion. 

In fractures of both bones of the fore- 
arm, with an ununited radius and a. solid 
ulna, it is necessary to shorten the ulna 
in order to bring the refreshed radial frag- 
ments in contact. This procedure ordinarily 
will be the only means necessary to bring 
about union. 

3. Comminution and Impaction of the Frac- 
tured Ends (Waring and Milligan—Fig. 1665) . 
—The comminution is best done with an osteo- 
tome or a bone-cutting forceps, for 1 inch on n 
each side of the fracture. ‘The fragments are 
small, 1 by 4% inch. The fragments are loosened 
but not detached; the periosteum is_ pre- 
served. It is important in impacting these 



































Fig. 1662.—Filling in a gap 
in the humerus with a trans- 
plant from the tibia, held in the 
grooved humerus by kangaroo- 
tendon sutures. In a the peri- 


comminuted ends to cause the fragments to 
dovetail and lock and be mortised together. 
All hemorrhage is checked. The soft tissues are 
sutured carefully over this comminuted and 
artificially impacted bone. The fragments of 
bone are held surrounded by encasing soft parts. 
There is no drainage provided. 


osteal sheath has been pre- 
served, to be sutured over and 
around the graft. In 6 the hu- 
meral periosteum has been lost, 
and only the graft and its peri- 
osteum connect the ends of the 
shaft. (From Bickham, Opera- 
tive Surgery, vol. ii.) 


The limb is fixed by a splint which assists in maintaining the impaction 


of the bones. 


Plaster of Paris splinting is the most efficacious. 


Very 


careful supervision should be exercised in the after-care in order that this 
impaction be maintained. w-Ray should be used to record the position 
from time to time during the healing and the appearance and progress of 
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Fig. 1663.—Diagram of “‘step-cut” operation for the radius and ulna. (After Hey Groves, British 
Journal of Surgery, vol. 6, p. 211.) 





Fig. 1664.—A diagram of the “‘step-cut’’ operation for ununited fracture of the humerus. (After 
Hey Groves). Note the outline (dotted) of the step cut. Note the screws in position, 
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the reparative process. After two or three weeks union will probably be 
well under way, but protection of the fracture must be maintained until 
union is solid. 

The advantages stated by Waring and Milligan, who have consistently 
and extensively used this treatment, are as follows: 

(a) A transverse or slightly oblique fracture becomes an impacted 
comminuted fracture, a fracture which nature always repairs. Fresh 
healthy raw bone surfaces are brought into apposition and the total raw 
areas in contact greatly increased, with the minimum amount of shortening. 

(b) The reparative processes of bone are 
stimulated by the trauma of comminution. 

(c) The amount of interference with the 
soft parts is a minimum, only an incision to 
expose the fracture being necessary. 

(d) The operation is simple compared with 
the more elaborate bone grafting method. 

(e) No healthy bone or periosteum is re- 
moved in the comminution operation. 

(f) No foreign bodies are introduced. 

4. Intramedullary Graft—An intramedul- 
lary graft is mtended to fix the two fragments 
of a fracture in contact and in alignment by a 
bone peg driven into each medullary cavity. 
The ends of the bone are freshened. The mar- 
row cavities are slightly enlarged by a reamer 
or burr to form a firm bed for the graft. If 
the graft is taken from the tibial crest, it should 
be 14 to 34 inch in diameter and long enough 





to extend some 1% to 2 inches into the bone 
shaft. The medullary graft is best left irregular. 
Beef-bone pegs may be used. 

The ends of the bones to be grafted are 
exposed. The limb is bent so that the lower 
fragment is easily accessible. The peg is 
driven into this distal medullary canal lightly. 
The limb is then manipulated by traction, 
countertraction, and bending, so that the other 


Fig. 1665.—Gunshot wound 
of the middle of the humerus. 
Many  sequestra removed. 
Many plating operations done. 
Bones seen to be held apart by 
plate, an adequate cause of de- 
layed and nonunion. Plate re- 
moved, scarred bone excised, 
the freshened ends comminuted 
and impacted—firm union re- 
sulted. (Waring and Milligan, 
British Journal of Surgery, vol. 
9, 1921-22.) 


end of the graft may be introduced into the 

medullary cavity of the proximal fragment (Fig. 1702). This peg 
graft may be held more firmly in place if a drill hole is placed 
through the shaft and a suture of absorbable gut is passed and tied. 
If it is difficult to get the two fragments far enough apart easily to engage 
the medullary graft in the proximal fragment, the graft may be placed in 
the medulla of one fragment and set into the side of the end of the prox- 
imal fragment. 

The intramedullary graft is applicable to humerus and femur, but a 
lateral graft may be advisable in addition in these heavier bones. Par- 
ticularly is this true in the femur which is used for weight-bearing. 

The medulla of the forearm bones has a small bore and the part placed 
within the bone is liable to fracture. 
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The bone suitable for osteogenesis is by this operation at a minimum 
in surface exposed. The medulla itself is plugged tight where it is In con- 
tact with the graft peg. 

This method is successful and it also is at times unsuccessful. Failures 
of union occur due to motion at one or the other end of the peg. In a few 
selected cases this method may be appropriately used. To secure ideal 
results absolute immobilization of the limbs will be essential as well .as 
firm contact of each end of the peg graft with the-host bone. 


| 








Fig. 1666.—The exposure of the radial shaft subperiosteally at the seat of an ununited 


fracture. Inset shows almost the completion of the subperiosteal exposure of the radius con- 
tiguous to the fracture line. (Chirurgie Reparatrice, etc., Tome IJ, Rottenstein.) 


In this connection it is instructive and important to quote Davison and 
Christopher in their experimental work on the medullary beef-bone graft 
in dogs. 

In a study of the fate of the boiled beef-bone peg in fractures in dogs, 
especially as used in the intramedullary graft, they concluded that the part 
of the boiled beef-bone peg which remains in aseptic stable contact with the 
endosteum of the host, surrounded by living bone, becomes solidly em- 
bedded in new bone. 

The peg undergoes gradual absorption and is replaced by new living 
bone, which later, in turn, is absorbed. 

That part of the beef bone which lies between the fragments, but not 
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protected by endosteum and not covered by living bone, even with aseptic 
surroundings, undergoes rapid absorption and disintegration and is not 
replaced by new living bone. 

When one end of the beef-bone peg is not fixed in stable contact with 

the endosteum, but remains in position, there is absorption of both the 
peg and the surrounding live bone. 
The internal callus, when the mechanical fixation holds and is aseptic, 
is limited by the beef-bone peg and does not bridge the line of fracture. 
The external callus is markedly lessened. The permanent or definitive 
callus is inhibited. 





Fig. 1667.—Wrapping the osteoperiosteal graft about the refreshed fracture ends. ‘The 
inset shows closure of the deep and superficial wound by interrupted sutures. No nonabsorbable 
internal fixation sutures or plates were used. (G. Rottenstein.) 


The series of experiments did not produce on dogs a single successful 
anatomical and functional result. 

The causes of failure were: (a) Infection; (b) disengagement of the 
peg through failure of prolonged immobilization; (c) disintegration of the 
peg from absorption at the line of fracture of the bone. 

In view of this and other experimental work, it is clearly seen how im- 
portant it is to immobilize effectively and for a long period the limb in 
which the intramedullary graft is used. 

5. Sliding Grafts.—The grafts are taken from the fragments them- 
selves. Two parallel saw cuts are made in one fragment just double the 
length of the cuts in the other fragment. These two strips are freed at 
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either end by right-angle narrow chisel cuts. The two strips of bone thus 
obtained are transposed. The long strip of bone is put into the gutter 
made by the removal of the graft so that it lies across the line of fracture; 
the other strip fills the remaining gutter (Fig. 1674). 

These inlay grafts should be wedge-shaped so that they are 14 inch 
wider on their periosteal surfaces as compared with their medullary surfaces. 
Wedge-shaping prevents the graft from slipping into the marrow easily. 

These grafts may be held in place by their careful impaction, by bone 
pegs above or through the grafts, and by absorbable suture. This sliding 





Lone 


Fig. 1668.—The deep and muscular layers have been completely sutured. The deep wound 
is thus closed without leaving any pockets in it. On the right of drawing the superficial skin 
wound is shown closed by interrupted sutures. Tiny drains of silkworm-gut project from 
either end of the wound. (G. Rottenstein.) 


grafting method is simple and effective. The material of the graft cor- 
responds to the host bone in physical and chemical constitution. It is 
quickly applied. 

It is not a strong graft, consequently the limb must be carefully pro- 
tected and immobilized after its application. In nonunion of the tibia it 
is employed most effectively. 

It is also useful in nonunion of the radius after the nonunion gap in 
the radius has been obliterated by shortening the unfractured or healed 
ulna. It may be possible to hold this sliding graft by absorbable suture if 
the external splinting is carefully adjusted and maintained subsequently. 
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6. Osteoperiosteal Methods.—Osteoperiosteal grafts were originated and 
used by Ollier. The grafts are pliable and adaptable, easily applied. Codi- 
villa transplants periosteal flaps with a thin shell of bone to bridge slight 
defects. The periosteal sheets or pieces may be 3 or 4 mm. thick and are 
sutured to each fragment or may be placed about the bone like a:sleeve. 

Lemaitre and Henri de Lagéniére use an osteoperiosteal graft taken 
from the tibia. They have popularized this procedure. It is a layer of 
bone thin as cardboard with periosteum attached, removed by chisel and 
hammer (Fig. 1670). By using several thin sheets of bone the area to be 
grafted is covered by overlapping grafts held in place by sutures. 








Fig. 1669.—Showing the incision over the tibia and the retraction of the skin on freeing it 
from the cellular tissue overlying the periosteum. The inset shows the marking and incision 
of the periosteal flap. (G. Rottenstein.) 


Chutro, Dujarier, and Frohlich have used this method with success, 90 
per cent cured, laying the subperiosteal flexible grafts in freshened channels 
prepared in the host bone, subperiosteally, and sutured in place. 

Technic—These grafts may be removed from the tibia by a broad thin 
sharp osteotome chisel and hammer (Figs. 1669, 1670). The tibia is 
exposed without injuring the periosteum. The graft is outlined by a 
scalpel. The size of the graft is determined by the defect to be covered. 
The chisel is held almost vertically with the cutting edge firmly pressed 
against the bone. By varying the inclination sheets of bone with peri- 
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osteum may be detached. The graft will be about the thickness of a 
United States dime. When the graft is removed it is placed in gauze com- 
presses and then is transplanted, with as little delay as possible, to the 
host wound. By using several thin sheets and overlapping them the defect 
is closed. 

If a bone is being grafted in which there is a slight loss of substance, 
it will be necessary to hold the separated ends of the fracture steady and 
relatively stable by means of silver or aluminum. bronze wire carefully 
placed. Later the wire thus used may be removed. The wire envelops 
the periosteal grafts. ; 





} 


Fig. 1670.—Shows method of securing with chisel and hammer the osteoperiosteal graft 
from the surface of the tibia. The inset shows the appearance of the bed left after the graft 
has been removed. (G. Rottenstein.) 


The Smith bone splint, which grasps the bone, is useful in this con- 
nection, encircling grafts and bone (Figs. 1671, 1672). 

7. The Massive Graft and Inlay Grafting—If some standard surgical 
procedure offers a fairly favorable outlook for a satisfactory result, it 
should always be chosen in preference to one involving the transplantation 
of tissue. 

The size of the transplant plays a part in its fate. The viability period 
of a transplant will be lengthened directly in proportion to the small size 
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of the graft. The smaller the transplant, the better the outlook for via- 
bility. 

If a solid bone graft of some size is not required in a given space and 
position, multiple small bone grafts (osteopericsteal) should be used. 

The delicate state of bone tissue detached for transplantation should be 
constantly in the surgeon’s mind. The graft is highly susceptible to un- 
favorable influences: rough handling, drying, cooling, chemical contact. 





Fig. 1671.—The Smith bone clamp. The cam on the clamps with its radius has a capacity 
of creating a considerable fulcrum, and therefore it is discretionary with the operator to apply 
as much tension on the bone as he sees fit, and no more. The clamp will remain with the same 
tension until removed. In case the prongs of the clamp do not fit one end of the bone, these 
prongs can be easily bent with a pair of pliers to make a shorter curve that will fit. There is no 
danger of breaking the clamp. (The Smith Bone Clamp Co., Watertown, N. Y.) 


Principles underlying the technic of bone grafting. 

Autografting denotes the complete detachment of one of the tissues of 
the body and its implantation into the same individual. 

The greatest chances for success as far as viability is concerned attend 
the autotransplantation of bone. By viability is meant that bone tissue 





Fig. 1672.—The Smith bone clamp. Only the prongs of the clamp touch the bone. The 
clamp consists of two parts curved to fit the bone shaft and engage each other at any angle. 
In applying the clamp to the bone, insert each half on opposite sides of the bone and engage at 
the top; insert the key furnished with the clamp into the slot in each cam and turn to the right. 
This will clamp the bones and hold them at any tension desired. To remove the clamp, turning 
the cam back will relieve the tension and the clamp is easily removed. (The Smith Bone Clamp 
Co., Watertown, N. Y.) : 


should present physical and chemical characteristics which are associated 
with living bone tissue. #-Ray appearances and vital tissue staining are 
tests of viability in point. In the section on bone repair and the behavior 
of grafted bone will be found the facts of the present knowledge on these 
important matters carefully stated. 

The clinical result and the experimental scientific result must each be 
clearly understood. The clinical value of a bone grafting operation need 

73 
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not depend upon or correspond ‘necessarily with the experimental evidence 
of the ultimate fate of the transplant. We are concerned directly and 
practically with the clinical result of the transplantation of bone. 

Not knowing the fundamental happenings at the site of the graft and 
in the graft, the term “physicochemical stimulus” may be used to indicate 
the action a graft may have upon the host, the result being the replace- 
ment of the transplant by tissues closely resembling it. 

A graft is disconnected from its blood and nerve-supply. The neces- 
sity, therefore, for vascularization of the graft from the host is evident, 
and this is what first happens. The bone tissue, being elemental connec- 
tive tissue and little dependent on nervous connections, suffers least from 
detachment and recovers best of many tissues after transplantation. In 
the absence of nervous and immediate vascular connection the physico- 
chemical stimulus to the reparative processes must be the real agency at 
work after an auto-bone-grafting operation (Neuhof). 

It is generally recognized that the introduction of a living autogenous 
bone graft is the most satisfactory operation for the treatment of un- 
united fractures, and especially if there has been a definite loss of bone 
substance. 

Exact Technic of a Bone Grafting Operation—An Esmarch bandage 
should not be used. The field for the reception of the graft should be 
sterile. If the field is associated with an open wound, repeated bacterio- 
logical examinations should be made to determine sterility. 

The place from which the graft is to be taken and that into which it is 
to be implanted should both be carefully prepared before operation. It is 
very important that not only the immediate field of operation be cleansed 
but that a wide contiguous area should be equally scrupulously prepared. 
That is, if the graft is to be obtained from the shaft and crest of the tibia, 
the leg from the malleoli to and including the knee joint should be pre- 
pared, both anteriorly and posteriorly, in the whole circumference of the 
limb, including the ham or popliteal space. Draping the parts with sterile 
sheets and towels later will thus preclude any contamination of the wounds 
by inadvertently observed slipping or sliding of the sterile dry goods em- 
ployed even though sterile towels are clipped to the entire edge of the 
operative skin wound. A two-day or three-day preparation is wise. 

Preparation, Local—Shaving the skin, washing with soap and warm 
water and gauze washcloth twice daily. At the washing just prior to 
the final operating room preparation, cleansing with alcohol 70 per cent 
should be done with care. A dry sterile gauze dressing should be applied, 
to await the final operating room sterilization, best after the patient is 
anesthetized. 

The Final Preparation of the Fields of Operation, in the Operating 
Room.—This consists in careful bathing the parts involved in the prepara- 
tion with sterile gauze and, first, alcohol 70 per cent and, then, ether. 
Finally, the skin is systematically covered with a tincture of iodine solu- 
tion, 7 per cent, that is, full strength, in the immediate neighborhood of 
the incision and 3.5 per cent strength iodine solution throughout the re- 
mainder of the prepared field. 

A careful aseptic technic throughout the various steps of the operation 
is absolutely imperative. 
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The preparation of the surgeon’s hands. 

The sterilization of dry goods: sheets, towels, gauze, sponges, gowns. 

The sterilization of instruments. 

The sterilization of sutures. 

The sterilization of rubber gloves. 

These sterilization preparations are common to the operative technic 
of all fracture surgery, hence reference is made to this description for the 
sake of brevity and to avoid duplication. 

There are certain technical operative details which seem to me of suf- 
ficient importance in the bone grafting operation to require especial 
mention here, even at the risk of repetition. 

The Surgeon's Hands—If the surgeon’s hands are ordinarily intact, 
careful manicuring and washing with ordinary castile or ivory soap and a 
nailbrush in running warm water should after ten minutes’ active washing 
result in clean hands. Twisting the fingers and thumb about in a guaze 
compress or hand towel previously wet and soaped will insure cleaner 
fingers than by the ordinary methods. Hangnails, cracks in fingers, and 
the base of the nails, should be touched after soap and water washing with ” 
tincture of iodine, 7 per cent (full strength, U. S. P.). The hands after 
drying with a sterile towel should be soaked in alcohol, 70 per cent, and 
actively rubbed in the alcohol. The hands are then thoroughly dried on a 
sterile towel. This cleansing process extends to the elbow. Not only 
should the fingers be especially looked after but the wrists as well. 

The rubber gloves, which after sterilization by boiling have been dried 
and sterile powdered, are put on before the gown is put on, the reason 
being that if the gown is put on first, the uncovered hands touch the 
gown in various places. This contact is avoided by proceeding in this 
order. The gown’s wrists are of knitted stockinet material, which is some- 
what elastic and fits the wrist without constriction (no strings or lost 
buttons are troublesome here). The gloves are pulled up over the wrists 
of the gown. 

I have gone thus into detail because I believe that the tactile sense of 
the surgeon should be employed in the conduct of certain fracture opera- 
tions, and not be sacrificed to a standardized universal method. Informa- 
tion obtained through the tactile sense can never be replaced under certain 
conditions by information obtained through steel instruments, no matter 
how skilled the operator may be. The exercise of the direct tactile sense 
must be as carefully safeguarded as is the introduction of any necessary 
instrument into the wound. 

I believe that the sterilized ordinary one-button cotton glove should be 
used over the rubber glove in any open operation upon a fractured bone, 
because contact of the rubber-gloved finger ever so lightly with a sharp 
bony spicule of bone may cut the glove. The skin of the finger is then in 
contact with wound fluids and tissues. One is thus a bit nearer to a pos- 
sible source of infection, no matter how carefully the hand preparation may 
have been made. Whereas, if the rubber-gloved finger is covered by a 
sterile cotton finger, there is practically no such danger. Moreover, a 
cotton glove and a rubber glove may be as perfectly sterilized as a steel 
instrument. The likelihood of contaminating the wound by delicate occa- 
sional palpation under these conditions I believe to be eliminated. 
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The introduction, however, of sterile instruments unguided by the in- 
telligent and skilled tactile sense into the depths of a wound is attended 
by more trauma and greater liability to damage than when intelligently 
guided after palpation. Much is gained by proper palpation. Much is 
lost by blind instrumentation. I am contending for direct contact with the 
parts concerned as opposed to the indirect method of approach. A direct 
method is correct, with a minimum of trauma. An indirect method is at 
best only inferential and may add insult to injury, and is undesirable. 

Having all parts and instruments and surgeon’s hands sterile, the fol- 
lowing technical details will be necessary to a successful grafting opera- 
tion. The most scrupulous asepsis must be maintained throughout the 
operation. 

Preparation of the Bed for the Graft—1. The approach to the fracture 
to be grafted through the skin incision should be ample. Less trauma will 
result if all parts are readily accessible. Moreover, assuming a sterile 
wound and primary union, a long incision will heal exactly as quickly and 
easily as a short and unsatisfactory incision. 

2. The bed of the graft must be free from all scar tissue in soft parts 
and bone. All cicatricial tissue must be removed until healthy vascular 
bone is exposed. There must be provided an extensive bony bed for the 
graft. The bed must be cut on the surfaces of those fragments that will 
certainly be in continuity when the limb is in the desired position. The 
maximum cancellous bone consistent with the stability of the part must 
be exposed for the bed. Active bleeding must be completely controlled and 
all oozing of blood and serum must be checked before the graft is im- 
planted. The interposition of blood clot interferes with the fusion of the 
tissues of the host and transplant. Early union is essential, therefore 
keep a dry bed for the graft. A hematoma is a fertile source of infection, 
therefore, avoid a hematoma at the site of a bone graft. 

3. The graft should be taken ordinarily from the internal surface of the 
shaft of the tibia of the well side. Great length and strength are here pos- 
sible in the graft. The graft should possess periosteum, cortex bone, and 
medulla; 2. e., all layers or parts of the bone. The graft may be secured 
from the tibia by two methods: by the saw or chisel (Figs. 1521, 1670) . 

We are not dealing with inert wood, but with living bone. The most 
accurate carpentry may not afford an adequate blood supply. Excellent 
w-ray appearances after the grafting operation may be found to give place 
to early absorption and fracture of the graft. On the other hand, a rough- 
fitting but carefully contacted graft rich in vascular possibilities will unite 
rapidly and firmly and adapt itself to stress and strain in its development. 

The graft is obtained from the crest and inner side of the tibia through 
an incision of the skin down to the periosteum. The graft is made a trifle 
larger than the prepared bed. It is forcibly, firmly, and evenly tamped 
home so that medulla, cortex, and periosteum contact with their corre- 
sponding parts. Rapid regeneration of bone soon fills the gap left in the 
tibia. A hematoma may develop; unless excessive no harm results. Only 
very rarely has a fracture of the tibia followed the removal of the graft 
from the shaft of the bone and then only accidentally. 

4. The Size of the Graft—If there is a gap to be bridged between frag- 
ments, the graft should be at least about three times the length of the gap. 
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_ 5. Methods of Fiaation of the Graft—If sepsis and interposing fibrous 
tissue are eliminated, the remaining essential to successful work is the 
proper maintenance of firm contact, immobility, of the graft with the host 
bone bed. The graft may be held by absorbable sutures, by bone pegs, by 
mechanical wedging and tamping, or impaction with the host bone, and by 
metal screws, plates, pins, or wires. When there is little tendency to dis- 
placement, the absorbable suture may properly be employed, as in the fore- 
arm and certain leg fractures, and in the metacarpus. If the absorbable 
suture is used, it should be combined with some carefully applied external 
splinting. 

The bone peg and inlay graft may, under certain conditions, be so accu- 
rately fitted that absolute immobilization thereby will be obtained. 

If there is likely to be a strain put on the graft, then metallic fixation 
is indicated. Hey Groves uses the ordinary cotter-pin, 46, 345, or % inch 
in thickness. This seems to be perfectly satisfactory. The hole required 
for the reception of these pins is small as compared with that necessary 
for other metallic materials. Consequently there is very slight liability of 
fracturing the graft in inserting the pins. 

The fact that wire and plates and screws have been unwisely and im- 
properly employed does not militate against their proper use. Clinical ex- 
perience has demonstrated that nonabsorbable retention material does not 
prevent union of bone through grafting. Hey Groves finds that the split 
pin (cotter-pin) is the most satisfactory immobilizing material. 

The massive inlay graft held in place in its bed by metallic screws is 
probably the best form of graft in most cases of nonunion of a long bone. 

It should be emphasized here that firm metal fixation will simplify the 
after-treatment of grafted bone, for much shorter immobilization of the 
joints above and below the fracture will be necessary. Consequently, early 
guided active motion can be used. Massage carefully given will help at an 
earlier period. In other words, more rapid restoration of function is ob- 
tained than by keeping the limb in plaster of Paris for months (Hey 
Groves) . 

6. After-treatment of Graft Cases—Immobilization is necessary until 
firm osseous union has occurred between the graft and host bone. The 
forearm is protected for from three to four weeks. Then guarded active 
motion is allowed and after ten days, active motion in light work is en- 
couraged. This active use is sure to increase the reparative process and 
result in earlier restoration of the limb than is absolute fixation for a long 
period of time. 

The duration of the period of immobilization will vary somewhat with 
the local conditions and the bone involved. An average of from four to 
twelve weeks will usually be sufficient for immobilization. The best 
method of immobilization is by a plaster of Paris splint. The joint above 
and the joint below the graft should be immobilized. The plaster splint 
may be reinforced at places of special strain by aluminum or wooden 
splints. 

Albee’s Inlay Method as Described by Neuhof.—A generous incision 
exposes the fracture. 

The skin and subcutaneous tissues are well retracted. 
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The wound is protected by well-placed towel clips the whole length of 


the wound. ‘ 
The bone ends are exposed and freshened by chisel, osteotome, knife, 


motor burr, or saw. 
If there is overlapping of fragments, extension and counterextension 


may completely reduce them; if not, they should be shortened sufficiently 
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Fig. 1673. Fig. 1674. 

Fig. 1673.—Cutting inlay bone grafts: a, Graft with converging, or beveled sides, cut with 
a single saw; 0, graft with parallel sides, cut with parallel saws. (From Bickham, Operative 
Surgery, vol. ii.) 

Fig. 1674.—A fractured femur repaired by a reversed, beveled, inlay graft from the same 
bone. The graft, a, has been removed from the femur, the bone being carefully clamped and 
steadied during the saw section through the region of the fracture, the graft itself containing its 
portion of the fracture, after which it is removed, reversed, and reinserted into the same bone 
trough, but now, with its sound portion opposite the site of fracture, to brace it (6). (From 
Bickham, Operative Surgery, vol. ii.) 


to lie closely together. Slight shortening of the limb will result and is to 
be expected. 

After reduction, the fragments are held in correct alignment by a suit- 
able clamp (Lane, Lowman, Magnuson). The periosteum, where the 
graft is to be placed, is incised longitudinally. The periosteal flaps are 
turned back on each side the necessary length of the graft bed. 
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Two parallel saw cuts, 34 to % inch apart, are made in the long axis 
of the bone, carried completely through from cortex to medulla cavity 
(Fig. 1673). A chisel or single saw or twin saw may be used for this bone 
cut. The length of these parallel saw cuts varies in each case, but will 
extend approximately from 2% to 3 inches into each fragment. These 
bone cuts should always extend far enough from the line of fracture to 
reach the normal nonsclerosed bone of each fragment. The bone strips 
between the saw cuts are removed by joining the far ends with an osteo- 
tome. These chisel cuts are made V shaped so that a tongue-and-groove 
joint with the ends of the graft will be obtained. 

If absorbable sutures are to be used, holes are bored in the cortex on 
each side of the gutter and are directed inward, toward the marrow cavity. 
These holes are placed advantageously for the best fixation of the graft 
(Fig. 1675). 
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Fig. 1675.—Methods of retaining inlay grafts in position: a, Rectangular inlay, kept from 
falling out, or being depressed within the marrow canal, by kangaroo tendon sutures; b, beveled 
graft held in place by bone pegs obliquely inserted through drilled holes (their outer ends being 
cut flush with the surface); c, beveled graft kept from inward displacement by its beveling, and 
from outward displacement, by the kangaroo tendon. (Modified from Albee.) (From Bickham, 


Operative Surgery, vol. ii.) 











The exact length of the inlay graft is marked by calipers, after meas- 
uring the gutter bed, on the tibia from which the graft is to be taken. The 
bone bed is rendered absolutely dry and is packed with hot salt compresses 
while the graft bone is being removed. The leg from which the graft is to 
be taken has been rendered sterile. The tibia from which the graft is to be 
taken is exposed by an incision over its crest. The soft parts are retracted 
and adequately placed sterile towels secured, the size and shape of the 
graft are outlined on the periosteum with the calipers or bent probe as a 
guide. The bone is cut to the medulla. The ends of the graft are fashioned 
to fit the prepared gutter, and the graft is immediately transferred to its 
bed. Double strands of kangaroo tendon passed through the drill holes 
help to secure the graft. The graft is locked and quickly tamped in posi- 
tion. The site of fracture and graft is covered with the previously reflected 
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periosteal flaps. The other soft tissues and skin are approximated without 
drainage. 
The incision over the tibia from which the graft is taken is closed in a 
similar way and without drainage. The edge of adjoining muscle may be 
placed in the cavity from which the graft was taken. A dry sterile dressing 
and appropriate plaster of Paris fixation splint completes the operation. 





Fig. 1676.—Albee’s technic, with special drill, of conducting kangaroo tendon sutures into 
position, for tying in bone transplants. (From Bickham, Operative Surgery, vol. ii.) 





A. Philip Mitchell’s Method of Bone Grafting.—Mitchell uses the au- 
togenous graft obtained from the subcutaneous inner surface of the tibia. 
This graft is applied as a massive lateral graft (Figs. 1677-1681) . 

The bone to be grafted is approached through an adequate skin incision. 





Fig. 1677.—Grafting operation in fracture of (ulna) a long bone. Exposure and prepara- 
tion of the rn for removal of sequestrum. (After A. P. Mitchell, British Journal of Surgery, 
vol. x, p. 264. 


All scar tissue between fragments and extending into soft parts is ex- 
cised in preparation for the graft. This step of preparation may of neces- 
sity have to be carried out at a preliminary operation because of sepsis. 
The ends of the host bone are prepared until healthy appearing vascular 
bone is reached. The muscles along with the periosteum are then stripped 
from the bone for fully 2 inches from the fractured ends (Fig. 1677) and 
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for one fourth the circumference of the bone. Beginning in a direction 
away from the point of fracture and extending the whole length of the bone 
as exposed, a thin layer of bone is removed with a fine osteotome or chisel 
(Fig. 1678). The bone is to be divided in places to open the medulla. 
The same procedure is repeated on the other fragment. 

Care should be taken that the bed for the graft is cut on the surface of 
the fragments that will be in continuity when the limb is in the desired 
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Fig. 1678.—Introducing the graft from the tibia to its prepared bed. Note sutures intended to 
secure graft in position. (After A. P. Mitchell, British Journal of Surgery, vol. x.) 


ae: 
XN 





position. For the internal fixation of the graft an absorbable suture is 
used. These retaining sutures are passed through the reflected periosteum 
and muscles on either side of the prepared bed (Fig. 1679). The sutures 
having been placed, the muscular osseous bed is ready for the reception of 
the tibial graft (Fig. 1678). 

Broad, accurate, and fresh bony contact is thus assured. If the graft 
can be efficiently maintained in fixed contact, the success of the graft may 
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Fig. 1679.—Diagram illustrating the placing of the interrupted retentive sutures. Note 
graft lying in perfect contact with bone. Note suture passing through muscle and periosteum 
on either side. (After A. P, Mitchell, British Journal of Surgery, vol. x.) 


almost be guaranteed. The wound is packed firmly with gauze to stop the 
oozing of blood, and the part is covered with a sterile towel. 

The tibial graft is taken of measured length. It is cut by a single cir- 
cular saw, electrically driven. The graft should be transferred at once 
after it is secured. The graft should not be washed, or handled and laid 
aside. 

The host wound should have been made ready for the reception of the 
graft immediately it is prepared. The graft is placed underneath the cat- 
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gut suture (Fig. 1678). A few additional catgut sutures may be needed to 
approximate the deep structures (Fig. 1681). The skin is closed with 
nonabsorbable sutures. 

The limb must be securely controlled in the correct or corrected posi- 
tion by a plaster of Paris splint. The ordinary care of a plaster of Paris 
encircling splint should be taken. If undue swelling follows the application 
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Fig. 1680.—Diagram in more detail to show the method of the introduction of looped 
catgut sutures for the fixation of the graft. (After A. P. Mitchell, British Journal of Surgery, 
vol. x.) 


of the splint, the plaster should be divided. Absolute immobilization of 
the part enclosed is to be maintained for six weeks. 

After six weeks the splint is removed. An a-ray is taken occasionally 
to determine the progress of the reparative process. Protracted use of the 
limb encourages the healing of the bone. The time involved in getting 
from partial to complete function of the limb will depend upon: (1) The 





Fig. 1681.—Suturing partially completed. Remaining sutures to be drawn tightly over graft. 
(After A. P. Mitchell, British Journal of Surgery, vol. x.) 


presence or absence of other serious disabilities; nerve lesion; muscle injury. 
(2) The degree of union between host bone and graft. (3) The individual 
bone involved. Radiograms taken at six- to eight-week intervals will 
afford suitable record of progress in healing. This is true for the upper 
extremity. If the graft is for nonunion of the tibia, the immobilization 
should be for a much longer period, perhaps six months. Some support 
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should be afforded the tibia for from three to six months longer when the 
part is used and weight is borne on it. 

Mitchell has studied 70 cases in which this method has been used. It 
was successful in 95.8 per cent, and a failure in 4.2 per cent. This was a 
series of cases of ununited fracture following war injuries. 

The fact that the intramedullary and inlay methods use a small graft 
makes them unsuited to war injuries. On the other hand, this method of 
Mitchell is admirably adapted to civil injuries and will prove successful. 

Henderson’s method of choice in bone grafting is the use of what he 
terms a massive graft. It is applied to the freshened host fragments as 





Fig. 1682.—Beef-bone screws. (After Henderson.) 


already described. He takes the graft from the tibia, as is usual. He holds 
the massive graft to the fragments by carefully placed beef-bone screws. 
He feels, with Mitchell, that the massive graft gives a high degree of in- 
ternal fixation, broader contact, a long period of support. The time of 
absorption and replacement in the massive graft is longer than in a smaller 
graft, so that when the weakest moment of the grafting period is reached 
(six to eight weeks following the operation) the graft is less likely to 
fracture. 

This method of Henderson is like the method of Mitchell plus the use 
of beef-bone screws. 
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Henderson has made a distinctly practical contribution to the technic 
of bone grafting surgery by the demonstration of the usefulness of the 
beef-bone screw as an immobilizing agent. 

Henderson’s method of using a massive graft held by absorbable catgut 
and beef-bone fixation screws has given satisfactory union in: 
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Fig. 1683.—Twist drill No. 17. (After Henderson.) 


(a) Fractures of the shaft of the femur, 62.5 per cent. 
(b) Fractures of the tibia, 81.8 per cent. 

(c) Fractures of the humerus, 70.2 per cent. 

(d) Fractures of both bones of the forearm, 85.7 per cent. 
(e) Fractures of the radius alone, 93.3 per cent. 

(f) Fracture of the ulna alone, 85.7 per cent. 





Fig. 1684.—A straight handled tap. Tap in handle. (After Henderson.) 


Henderson studied 184 cases which were traced for a considerable time 


after operation; 75 per cent of these obtained union, and 25 per cent failed 
to obtain union. 


Regional Grafting. 

Humerus —Ununited fractures of the humeral shaft are perhaps the 
most difficult to treat. Shortening of the humerus is relatively and ab- 
solutely unimportant from a functional viewpoint. Consequently, the 
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Fig. 1685.—Straight handled tap (compare with Fig. 1684). (After Henderson.) 


“step-cut” operation—and the steps cut should be long (Mitchell) — is 
especially adapted to the humerus. 

To fractures of the upper end of the humerus an intramedullary graft 
reinforced by osteoperiosteal grafts wrapped about the fractured bone site 


is applicable. Often an impaction of the freshened fragments will be suc- 
cessful. 
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Fig. 1686.—Enlarged end of the hexagonal wrench of Fig. 1687 necessary to receive the care- 
fully made bone screw. (After Henderson.) 








Fig. 1687.—Straight handled wrench with hexagonal tip to hold hexagonally headed bone screw 
Compare with Fig. 1686. (After Henderson.) 








Fig. 1688.—A beef-bone screw held in the Fig. 1689.—Straight handle wrench hold- 
instrument tip used for placing the screw. ing the bone screw ready for insertion. (After 


(After Henderson.) Henderson.) 
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Ununited fractures of the lower third of the humerus are especially 
difficult to handle if combined with loss of motion at the elbow. Intra- 
medullary pegs combined with osteoperiosteal grafts have proved success- 
ful. Internal metallic fixation may be needed to supplement these grafting 
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Fig. 1690.—Offset handle wrench with a beef-bone screw in socket. (After Henderson.) 


operations in the humerus, combined with very carefully applied plaster 
of Paris splints ordinarily immobilizing the shoulder, elbow, and wrist, 
combined with a bandage encircling the chest (a spica of the shoulder en- 
circling the thorax) (Fig. 1531). 





_ _ Fig. 1691.—Beef-bone screw. Fracture of Fig. 1692.—Beef-bone screw. Fracture of 
tibia, internal malleolus. Two weeks after tibia, internal malleolus. Three months after 
operation. Note beef bone in situ. (Hender- operation. Note fracture line firm. Beef bone 


son.) in situ, but process of absorption beginning, 
Compare with Fig. 1691. (Henderson.) 


Radius and Ulna.—Nonunion of the radius means radial deviation of 
the hand, and a weak grasp because of shortening of the radius or displace- 
ment of the distal fragment of the fractured bone. When the radial lower 
fragment is short (1 inch or a little more in length), shortening of the 
ulna to correct the radial deviation will permit union of the radial frag- 
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ments. Prior to a graft operation on the radius the radial deviation of the 
hand is to be corrected and forearm supination secured. Thus all strain 
will be removed from the graft after it is placed. 

In ununited fractures of both bones of the forearm, radius and ulna, 
slight shortening of each bone and fitting contact, and then grafting one or 
both bones, is indicated. There is no serious objection to grafting both 
bones at the same time. If ankylosis of either the superior or the inferior 
radio-ulnar joint is present, any motion in supination or pronation which 
is secured because of the nonunion will be entirely lost when solid union is 
obtained. 

The application of an inlay graft of ordinary size to one of the bones of 
the forearm involves often so much trauma and mutilation of the recipient 





Fig. 1693.—Beef-bone screw. Fracture of Fig. 1694.—Beef-bone screw. Fracture of 
tibia, internal malleolus. One year after opera- tibia, internal malleolus. Six years after op- 
tion. Note that process of absorption of beef- eration. Note absence of beef bone, com- 
bone screw is progressing. (Henderson.) pletely absorbed. | Compare with Fig. 1692. 

(Henderson.) 


bone that little is left, and the bone-forming possibilities are so greatly 
handicapped that the graft fails to live. 

To yield the best results the medullary graft should project well beyond 
the sclerosed end of the host bone so as to penetrate and lie in contact 
with healthy bone marrow. When the ends of the ununited bone are 
sclerosed and tapering, the tapering end may be split with a saw for some 
distance, and a tibial graft may be engaged between the cleft ends (Hess) . 

One always may use a massive eraft after the method of Mitchell 
in these difficult forearm fractures. 

Tibia-—In ununited fracture of the tibia a sliding graft is especially ap- 
plicable. The autogenous massive graft of Mitchell is also satisfactory 


here. 
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Fig. 1695.—Beef-bone screw was used in this Fig. 1696.—Beef-bone screw in situ, same 
fracture involving ankle joint. Note line offrac- case as Fig. 1695. Note fragment firmly held 
ture in tibia. (Henderson.) by screw and integrity of the screw apparent. 

(Henderson.) 





Fig. 1697.—Beef-bone screw in fracture of Fig. 1698.—Beef-bone screw in fracture of 
the lower end of tibia entering joint. Note lower end of tibia into joint. Note the disap- 
partial absorption of screw. (Henderson.) pearance of the screw by absorption and the 


restoration of the joint, with a smoothing off 
of the irregular joint surface seen in Fig. 1697, 
nine months after operation. (Henderson.) 
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Fig. 1699.—Use of peg transplant in frac- Fig. 1700.—Use of transplant bone pegs in 
ture of anatomical neck of humerus. (Modi- the treatment of fracture. A single peg is seen 
fied from Davison and Smith.) (From Bick- employed in the upper single, oblique fracture 
ham, Operative Surgery, vol. ii.) of the shaft of the femur, and two pegs in the 

lower fracture involving the femoral condyles. 
(From Bickham, Operative Surgery, vol. ii.) 
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Fig. 1701.—Manner of driving home the bone-graft peg in intracapsular fracture of the femoral 
head. (From Bickham, Operative Surgery, vol. ii.) 
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In an ununited fracture of the tibia, needling the two ends of the frag- 
ments and wrapping the seat of the prepared fragments with periosteal 
grafts is effective. 

Femur.—tIn a transverse uncomminuted fracture of the femur an intra- 
medullary graft will be successful if the graft extends a considerable dis- 
tance into a sound bone. Additional internal fixation and very careful 
external fixation will be needed in these cases. 
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Fig. 1702.—Introduction of a med- Fig. 1703.—Peg transplant, or combined peg 
ullary transplant into the canal of a frac- and medullary transplant, in an intertrochanteric 
tured bone of a single-bone limb. (From fracture of the femur. (From Bickham, Operative 
Bickham, Operative Surgery, vol. ii.) Surgery, vol. ii.) 


A massive lateral graft (Henderson) may be successfully used in un- 
united fractures of the femur. 

Where there is a considerable overriding of fragments in shaft fractures, 
instead of shortening the bone it will be wise to use traction and counter- 
traction in order to stretch the muscles, fasciae and fibrous tissues of the 
limb. Then after some days (if necessary) of preliminary traction, the 
full length of the limb or nearly so having been secured, one may proceed 
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with that form of operation for nonunion which the necessities of the case 
demand. 


The above is especially applicable to nonunion of the fracture of the 
shaft of the femur. If the fracture with overriding of the femoral shaft 
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Fig. 1704.—Operation for osteosynthesis of bone ends by incision, reshaping and suturing, pegging 
(or otherwise coaptating) the reshapen ends. (From Bickham, Operative Surgery, vol. ii. 
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Fig. 1705.—Operation for ununited fracture in which the opposite ends of the bones (a and 
b), are cut into a reciprocally receptive angulated end and angulated cavity, which are then 
fitted into each other, as at c and d. (From Bickham, Operative Surgery, vol. ii.) 


is of comparatively recent origin—two or three months’ duration—it may 
be that distraction of the fragments may be obtained at the time of opera- 


tion. This is most easily accomplished by traction according to Martin’s 
method: a canvas strip over the proximal end of the distal fragment fur- 
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nishing the means for a direct pull on the soft parts through the distal 
fragment. 





























































































































Fig. 1706.—Operation for ununited fracture in which the ends of the bones are reshaped in 
a reciprocally receptive wedge-shaped manner (a and b), so as to be mutually receptive of each 
other (c and d). (From Bickham, Operative Surgery, vol. ii.) 


Nonunion of the Inferior Maxilla—Nonunion is rather frequent fol- 
lowing fracture of the jaw. The functional disability associated with un- 
united fracture of the inferior maxilla is an unnecessary disability in most 
cases. The desirability of bony union in this situation is obvious. Correct 
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Fig. 1707.—Method of treating a false joint in a single-bone limb by transverse excision of 
the ends and coaptation of the shafts: I, Lines of excision; II, coaptated ends. (From Bickham, 
Operative Surgery, vol. ii.) 


alignment and restoration of the normal maxillary arch and maintenance 
of accurate occlusion are the ideals behind all treatment. 

Subjective symptoms of a functionally useful jaw for mastication are 
more important than objective signs of union. 
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In the ascending ramus the nearer the fracture is to the condyle, the 
less is the disability. 

In the horizontal ramus the nearer the fracture approaches the sym- 
physis, the greater is the disability. 












































Fig. 1708.—Method of treating a false joint in a single bone limb by oblique excision of the 
ends and coaptation of the shafts: I, Lines of excision; II, coaptated ends. (From Bickham, 
Operative Surgery, vol. ii.) 


The fundamental principle applicable to all cases of nonunion obtains 
in cases of nonunion of the jaw, namely, no grafting operation should be 
attempted until several weeks have passed without signs of infection. Oc- 
clusion of the jaws must be maintained for purposes of fixation until firm 
union of the transplant to the adjacent bone ends or sides has taken place. 
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Fig. 1709.—Ollier’s method of treating ankylosis of two parallel bones complicated by 
fracture: I, The ends of the fractured bone, ¢ and 6, are obliquely beveled in the direction of the 
sound bone, from which latter a broad wedge of bone, a, is mobilized. II, The loosened wedge of 
bone, a, is then reversed and applied to the two freshened ends. (From Bickham, Operative 


Surgery, vol. ii.) 


The treatment of ununited fractures of the lower jaw as described by 
Cole is somewhat as follows (Fig. 1516) : 

Plating —Plates may be used to hold fragments in close approximation 
provided at the same time union is not sacrificed to occlusion. 
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Wiring —Cases with little or no loss of substance may be securely held 
by aluminum bronze wire. If it is possible to avoid opening the mouth in 
freeing the fragments, this is very desirable. The danger from opening the 
mouth is exaggerated. 

Bone Grafting —The following operation, described by Percival Cole, of 
London, England, is a satisfactory procedure’: 

A suitable dental splint is used to retain the fragments in the position 
of tooth alignment. 

A preliminary operation is done through an external incision, to shut 
the mouth off from the outside bone ends. ‘This wound is drained, and 





Fig. 1710.—Ivory or bone pegs with metal gauge. (From E. W. Hey Groves, Modern Methods of 
Treating Fractures, p. 165.) 


after about three months the reconstruction graft operation is done as fol- 
lows: Two or three days prior to the grafting provision is made for inter- 
dental splinting to keep the fragments correctly and permanently aligned 
until the graft is healed. Intratracheal anesthesia is used. The anesthetist 
is away from the operative field. 

A curved neck incision is used uncovering the area of fracture (Fig. 
1518). The ends of the fragments are exposed, freshened, and shaped for 
the graft (Fig. 1519). The tibia is uncovered and the graft shaped from 
it. The plates that are to hold the graft in position are screwed to the 
graft (Figs. 1520, 1521). This prevents splitting of the graft by screws 
where it is free. The graft is detached and fixed in the gap it is to fill, 


1 British Journal of Surgery, vol. 6, p. 57, 1918-19. 
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fastened to the corresponding fragment of the jaw (Fig. 1525), and the 
wound is closed (Figs. 1522-1526) . 

A similar technic is used when a portion of a rib is taken for the graft 
(Fig. 1524). 

The Pedicled Graft (Cole) —The utilization of the attachment of the 
cervical fascia, the platysma, and, at the symphysis, the anterior belly of 
the digastric as an attachment for the graft, was suggested to Cole by the 
sound union occurring in comminuted fractures. 
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Fig. 1711.—Showing methods of fixing and fitting a graft: a, Graft driven into trochanter, 
neck, and head of femur; b, graft driven into medulla of upper third of femur from trochanter; 
ce, graft driven into medulla of proximal part of ulna from olecranon; d, graft tightly fitted into 
both fragments of a fracture. At one end the shaft has been split for its reception, and then 
pinned together; ¢, graft tightly fitted into both fragments of a fracture. The graft has been 
cut by a fret saw in a Z manner and pinned together afterward; f, graft fitted as a cortical strut 
and fixed by pins. The fragments marked by dots have been cut from the shaft and used to 
fill up the gap between the main ends of the bone; g, graft fitted as a cortical strut and bolted to 
a plate on the opposite side of the bone; h, inlay graft fitted and fixed without metallic sutures; 
7, section of the inlay graft, showing its wedge shape. (After Hey Groves.) 


The same skin incision as already shown is used. The skin is reflected. 
The posterior fragment is thoroughly exposed. The tip of the anterior 
fragment is exposed. The anterior fragment is divided longitudinally and 
obliquely, keeping the soft part attachments on a pedicle (Fig. 1528). 
Fine holes are drilled (Figs. 1528, 1529), and silver wire is used in suturing 
the graft displaced, but attached posteriorly to the fragments after these 
have been properly fashioned. The soft parts are closed. This pedicled 
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Fig. 1712.—Hoglund electro bone instrument. Note motor in left-hand corner of case. 
Note flexible shaft in cover of case. 

The twin saw is so constructed that it runs parallel to the long axis of the handle. This is 
especially desirable for inlay or intramedullary bone splints on the femur where the cutting 
has to be done at the bottom of a deep wound. The saw in its holding frame is only 14 inches 
wide over all. It can be adjusted for making the inlay fit the groove with absolute accuracy. 
The improvement is that the saws cannot be placed wrong if taken apart, which should not be done. 

A new design of doweling attachment has been added, by which large and small bone pegs 
and dowels may be rapidly and accurately cut. These small pegs may be converted immediately 
into bone screws by means of a die which is furnished with the outfit and the recipient bone 
can be threaded by appropriate tap. Drills of proper size are included in the set. These pegs 
and screws are of value in many varieties of oblique and spiral fractures and in fractures of the 
neck of the humerus and femur or olecranon. There is also supplied a universal chuck to be 
used for any small drills. 

The mechanical clutch in the handle, which had a tendency to slide if not properly depressed 
when in use, has been replaced by a straight shaft in the handle and a controlling switch at the 
motor which can be turned off and on by an assistant, or a foot switch can be supplied for use 
by the surgeon himself. The new design of a hexagon-shaped handle will insure a better hold 
when at work. 

The universal motor for both direct and alternating currents, 110 volts, has been improved 
by worm-gearing, running in hard grease, giving more power, less speed, and eliminates much 
of the noise. It adds nothing to the size or weight, which still remains 5 pounds. The greater 
power is of value in running the twin saw. The teeth of the saws are set so that they cut free. 
The speed of the motor is so adjusted that it is unnecessary to use water to prevent overheating 
the bone, though a few drops of water now and then may produce easier cutting, especially when 
the twin saw is used. The flexible shaft is enormously strong and will not buckle or generate heat. 

A feature of inestimable advantage in this instrument is the fact that the flexible shaft, the 
universal handle, and all of the accessories can be boiled and sterilized with other instruments in 
the ordinary way without the slightest damage. 
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flap (Cole) is certainly in every way to be recommended. It has proved 
eminently successful in the hands of its originator. 
The methods used by Billington and Round are worthy of serious con- 
sideration. 
Certain Facts of Importance in Connection with the Phenomena of 
Transplantation of Bone.—Present evidence points to the ultimate death 
of the entire bone graft. 














Fig. 1713.— Universal motor, 110 to 130 volts, direct and alternating currents, 25 to 60 cycle; 
universal hand piece flexible shaft. B, Automatictrephine. C, Trephine guard. D, Spiral osteotome. 
E, Spiral osteotome guard. F, Twin saw (spiral gear driven), cutting parallel to handle. G, 
Single circular saw, large, 1} inch. H, Single circular saw, small, 2 inch. I, Dowel shaping 
instrument. J, Dowel reamer, 3 inch. K, Dowel reamer, ;2; inch. L, Round burr, 3 inch. 
M, Round burr, + inch. N, Die, 33; inch, and holder. O, Tap, 33; inch. P, Tap holder. Q, 


Twist drill, 2 inch. R, Twist drill, No. 25 for tap. S, Universal chuck for small drills. T, Com- 
bination caliper. U, Instrument case, leather and plush lined. 


Replacement of bone depends upon the firm contact of graft and host 
bone as well as on the function or stress and strain of the part. 

New bone appearing after a grafting operation is partly derived from 
the host bone, but largely from a change in the undifferentiated connective 
tissue about the transplant. 

Physicochemical agents associated with the absorbing or disintegrating 
transplant seem to stimulate the growth of new bone. 












































































































































































































































Fig. 1714.—For burring out diseased cavities, use one of the different ball burrs (Fig. 1713, L and 
M) as needed, inserted in the universal holder. 


No single element of the bone graft is essential for successful trans- 
plantation. The endosteum and bone marrow are of minor importance. 
The practical importance of the use of the periosteum is that early union 
of the graft with the surrounding tissues occurs and the process of orderly 
replacement of the transplant by bone is invited and facilitated. 


1178 BONE GRAFTING—METHODS 


A clinically successful result depends upon the persistence of the graft 
until its adequate replacement by the host takes place. 

Counteracting all deforming tendencies, rigid asepsis, a careful oper- 
ative technic, carefully thought out beforehand and adapted to the indi- 






















































































































































































Fig. 1715.—The single saws (Fig. 1712, G and H) are used for intramedullary splints and inlays 
and also where the graft does not have to be fitted into a gutter. For example, in Pott’s disease. 
The caliper (Fig. 1712, T) should be used to measure width and length. In fitting inlays with single 
saw, tip the saw slightly outward, making a bevel edge, thereby securing an easy fit of the bone 
graft. The guard washer on the saw follows the contour of the surface of the bone, also it gives a 
steady feeling without any vibration to the handle. 


vidual case, a wide opening of vascular bone, proper immobilization after 
operation, are all important factors in securing satisfactory results. 
It is most important to reserve the bone grafting operation for those 
cases in which it is really needed, and not to employ it indiscriminately. 
Graft Fractures.—The early fractures occur after six to eight weeks. 
The site of fracture is ordinarily at one of the junctions of the graft with 





































































































































































































Fig. 1716.—The twin saw attachment (Fig. 1712, F), for intramedullary or inlay work, makes it 
possible to saw where there are heavy muscles and limited field to retract; for example, the femur. 
When using the twin saw for inlay work, first decide on the width of the bone graft, then saw 
out a groove the desired length in the fractured bone; next set one of the saws a notch further 
out on the shaft where it is fastened by loosening and tightening the set screw in the collar of 
the saw. This will make the new graft fit absolutely snug in its new place. Several changes 
as to width can be made. 


the host bone. It is due probably to inadequate contact originally between 
graft and host. Union is unlikely in this type of fracture. 

The late fractures occur several months after the grafting operation. 
They have occurred as late as two years after operation. The site of frac- 
ture is usually about the middle of the graft. In these late cases the fol- 
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lowing is the story: The graft has successfully united at each end to the 
host bone. The limb is being used somewhat. An unusual strain fractures 
the graft. Some of these cases will unite after a prolonged period of im- 
mobilization. 
























































































































































































































































Fig. 1717.—Doweling attachment (Fig. 1712, I) with large and small dowel reamers (Fig. 1712, 
Jand Kk). For making small bone pegs saw out an additional strip of bone about 2; inch wide, or 
utilize one part of bone taken out at the fracture by sawing it into two parts. Hold these bone strips 
with a hemostat, and with bone-cutting forceps make the peg a little pointed to fit the reamer at the 
start. Attach the dowel shaper instrument to the universal holder on the instrument and press 
gradually the bone strip down to the desired length. The small pegs can be threaded by screw 
plate (Fig. 1712, N), and fitted into appropriate tapped holes by tap (Fig. 1712, O), or driven in. 
The large bone pegs are usually for fracture of the neck of the femur and are usually taken from 
the crest of the tibia and driven in after using the $-inch drill (Fig. 1712, Q). 


A Srupy sy McWuu1amMs or Resuutts Fottowinc DirrerEent GRAFTING 
Meruops 


Statistics from a study made by McWilliams of 1201 cases of results of 
grafting operations are as follows: 

Bone pegs, with 95.8 per cent successes. 

Osteoperiosteal method, 87.3 per cent successes. 

End-to-end method, 85.2 per cent successes. 

Inlay method, 83.6 per cent successes. 

Intramedullary method, 79.8 per cent successes. 

The total successes were 1017, 84.6 per cent. 

The total failures were 184, 15.3 per cent. 

From these figures the peg method seems to be the most successful. 

Too much importance, McWilliams writes, attaches to the bone cell as 
the necessary element in bone regeneration. From all the available evi- 
dence Bancroft and I conclude that bone is mesoblastic in origin, and in its 
repair it is found that the calcium salts are deposited in the intracellular 
elements of connective tissue forming new bone. The connective tissue 
cell then by metaplasia becomes a bone cell. Periosteum is a connective 
tissue and, hence, is prone to form bone, but it is not the only connective 
tissue that has this function. 

Practically, when one considers the results of grafting with and without 
the periosteum attached, there is really very little difference to be seen. 
As good results are obtained without its presence as with it. 


CHAPTER XLVII 


MEDICOLEGAL RELATIONS IN FRACTURES 
Timoruy Leary, M.D. 


Ir is essential that the surgeon dealing with fractures should be familiar 
with the hazards associated with practice in this field, simce fractures are 
responsible for more suits for malpractice than any other single factor. A 
bad result following the treatment of a fracture is accompanied usually 
by obvious evidence of the imperfect outcome. Though the method of 
treatment may have been beyond criticism, and the unfortunate issue may 
have been due to elements beyond the control of the attending surgeon, 
there is frequently some lawyer who is prepared to capitalize the discon- 
tent of the patient. This situation has become worse since it came to be 
known that most surgeons carry insurance. Many suits are brought only 
with the expectation of a settlement at the “nuisance value” of the suit. 

However, some of these suits are dangerous in that the damages as- 
sessed by the jury may be greater than the amount of insurance protection 
which the surgeon carries. In general, the multiplicity of suits, whose 
number has increased during the depression, has tended to cut down public 
interest in these affairs, and eliminate in large part newspaper publicity 
with reference to them. 


THE LEGAL RELATIONS OF A PHYSICIAN AND PATIENT 


The physician and surgeon enters into an implied contract with a pa- 
tient when he assumes a case. From the nature of the relation of physician 
and patient the contract is somewhat one-sided. The physician may refuse 
to take a case, but once he has accepted it he has a duty to continue his 
treatment, or if he has a reason to relinquish the case, it is his responsi- 
bility to see that the patient is notified, so that he may employ a successor. 
On the other hand, the patient may discharge his doctor at any time 
without notice. 

There are certain fundamental requirements which courts have estab- 
lished with reference to the practice of medicine as follows: 

1. Skill and Learning.—The physician and surgeon shall have had an 
education and training adequate to equip him with the learning, skill and 
experience needed for the work he is called upon to do. Accusations of 
lack of skill and learning rarely enter into suits for malpractice today, 
because state licensure implies approval of the doctor’s qualifications for 
practice in general. It does not, however, indicate expertness in a 
specialty. The degree of skill and learning required in ordinary cases is 
that reasonable degree ordinarily possessed by physicians and surgeons 
in localities similar to that in which a given case was treated. It is not 
that exercised in the particular locality in which the defendant physician 
practiced. When a case is unusual and not of a type ordinarily cared for 
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by a general practitioner a higher degree of skill and learning is required. 
The determination of the degree of skill exercised in a case coming to trial 
is based upon the opinion of experts usually, though the jury may be 
called upon to decide between conflicting expert opinions as to the skill 
practiced in the case before them. Rarely a case is submitted to a jury 
on purely lay evidence of incompetence, but only when the evident bad 
outcome of a case, when considered in connection with other evidence, has 
tended to show want of skill on the part of the defendant physician. 

2. Care and Diligence.—The physician is expected to exercise care and 
diligence in his treatment of his patients. In the average case the degree 
of care required is ordinary, 7. e., such care as is reasonably indicated by 
the exigencies of the case as he sees them. This carries the implication 
that the physician should be diligent in the care of his cases. 

3. Judgment.—The physician is called upon to use his best judgment 
in determining the diagnosis and treatment of cases. He is not responsible 
for errors in judgment if he has acted in good faith, unless the error in 
judgment is so gross as to indicate serious lack of skill. He is expected to 
make mistakes, being human. It is recognized that physicians and sur- 
geons may differ in making diagnoses and in prescribing treatment. An 
error in diagnosis if honestly made after a diligent and careful study of a 
case does not constitute a tort. 

The treatment which he carries out should be the ordinary or standard 
treatment, unless the conditions existing in the case prevent the use of 
ordinary treatment. He is not permitted to experiment upon his patients. 
Therefore, new treatments should be entered upon only on the basis of 
sound judgment and with the agreement of a competent consultant. 

The surgeon does not guarantee a cure. Want of success is not in 
itself evidence of lack of care. 

The surgeon is responsible for the acts or negligence of assistants or 
nurses who are directly in his employment. He is not responsible for the 
faults of assistants, nurses and interns who are not paid by him. If he 
sends another physician to substitute for him in dealing with a case he is 
not responsible for the acts or negligence of his substitute, who under the 
law accepts responsibility as a principal. He is not responsible for the 
faults of another physician with whom he is treating a case, unless he 
participates in them, or neglects to prevent wrongful acts of his asso- 
ciate if he has knowledge of them. 

Exceptionally in emergencies, with an unconscious or irrational patient, 
where life or limb of the patient is in danger, the surgeon is entitled to 
perform necessary operations without permission, if delay in obtaining per- 
mission would add to the hazard. Otherwise, “the courts hold that every 
human being has a right to determine what shall be done with his own 
body; and a surgeon who performs an operation without the patient’s 
consent commits an assault for which he is liable to damages.” General 
permission should be sought for the performance of whatever operative 
procedures may be found necessary. Before an operation upon a minor, 
permission should be obtained from parent or guardian. 

Contributory negligence on the part of the patient or his attendants 
may influence the outcome of a case. If a patient or his family neglect 
or refuse to carry out the surgeon’s instructions the surgeon should call 
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attention to this lack of cooperation before disinterested witnesses and 
indicate his refusal to accept responsibility for bad results which may arise 
from this neglect. 


THE BASIS FOR MALPRACTICE SUITS 


In order to establish a tort, 7. e., a wrong, it is necessary for the com- 
plainant (plaintiff) to prove to the satisfaction of a jury not only that the 
diagnosis and/or treatment by the physician (defendant) in a given case 
was faulty, but that the injury complained of resulted from such fault. 

A study of fracture malpractice suits in recent years discloses that 
these were brought most frequently for failure to use the a-ray in diag- 
nosis and treatment; for Volkmann’s contracture following negligence in 
applying splints or too tight bandaging; for mistakes in diagnosis which 
included failure to recognize a fracture (of the hip or patella most com- 
monly), or the overlooking of fractures or dislocations other than the 
obvious one for which treatment was sought. Gangrene following frac- 
ture of the leg or foot, and claimed to be related to the use of splints or 
tight bandages and not to the original fracture, was the basis for suit in 
several cases. The application of unnecessary force by an assistant, over- 
lapping union, nonunion, sepsis following bone plating, failure to employ 
manipulative methods, and, on the contrary, injury from massage and 
manipulation, the use of a fracture basket, on the other hand the failure 
to use a fracture box, failure to invert the foot in Pott’s fracture and fail- 
ure to instruct patients properly in the care and use of a fractured limb 
have been claimed to have caused injury entitling the claimants to 
damages. 


TEN COMMANDMENTS FOR FRACTURE TREATMENT 


To epitomize the duties of the surgeon and his relations to his patients, 
the following rules, making frankly a “counsel of perfection,’ are pre- 
sented: 

1. Diagnosis.——With a presumption that he has adequate skill and 
experience the surgeon shall take a complete history of each case; shall 
make a careful examination, including the use of the a-ray; shall make 
sure not to overlook fractures or dislocations, or soft part damage, other 
than the obvious lesion he is called in to treat, and shall keep satisfactory 
records. 

2. Treatment.—In addition to being competent to treat a given case 
he shall have proper equipment for the purpose; shall be conservative in 
his prognosis and make no rash promises about results; shall use anti- 
tetanic and antigas-bacillus serum in compound fractures; shall make 
frequent inspection with reference to tight bandages or disturbed circula- 
tion; shall use a-ray examination to check the position of fragments during 
the course of treatment, and shall be diligent and careful in attendance 
and observation of the case. 

3. New Methods of Treatment.—If a case cannot be treated by ordi- 
nary methods he shall enter upon the use of new treatments only after 
mature consideration, with unusual care, and with the advice of a com- 
petent consultant. He shall not use his patients for experimental purposes. 
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4. Hospital—tlIf he has not the required equipment or if home condi- 
tions do not promise proper care he shall recommend hospitalization. If 
the patient insists on leaving the hospital against advice he shall obtain 
a signed statement to that effect. 

5. Consultation.—If he is doubtful of his diagnosis, his ability to treat, 
his equipment, or the progress of a case he shall not hesitate to call a 
consultant at an early date, or shall refer the case to an expert. If the 
family wish a consultation he shall acquiesce in their desires and try to 
obtain the services of a competent man. 

6. Anesthetic.—If the use of a general anesthetic is required he shall 
see that the anesthetist is qualified, that the anesthetic is one in common 
use, and that a general physical examination is made preceding its use. 

7. Operation.—If an operation is indicated on bones or joints he shall 
be sure of his qualifications and equipment to perform such an operation 
satisfactorily, shall obtain the necessary permission and shall be rigidly 
exacting in his asepsis. 

8. x-Ray.—He shall use the z-ray, or the fluoroscope, in diagnosis and 
in following the treatment of a case, particularly when any doubt arises as 
to the forward progress of the case. He shall see that the interpretation 
of w-rays is made by an expert roentgenologist. He shall preserve the 
x-ray films that are obtained, properly identified, for possible future use. 

9. Relations to the Patient.—He shall be frank in dealing with the pa- 
tient and his family. He shall give proper instructions to the patient and 
those caring for him. If his instructions are not followed he shall make 
plain in the presence of witnesses that he will not be responsible for 
results if these instructions are not carried out. He shall not discontinue 
his services without notifying the patient and giving him opportunity to 
secure the services of another physician. In a word, he shall not abandon 
the patient. 

10. Relations to the Profession.—He shall not criticize the methods 
used or the results obtained by brother physicians. He shall not through 
careless utterances foster suits for malpractice, in connection with which 
he may be called upon to justify thoughtless statements that may be 
unfair or untrue. 
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differential diagnosis, 447 
focal signs, 437 
histopathology, 429 
neurological signs, 437 
objective signs, 439 
prognosis, 448 
resulting from traumatic shock, 257 
signs and symptoms, 434 
special procedures and examinations, 439 
suspected, management of, 442 
treatment, 449 
lacerations of, 428 
signs and symptoms, 435 
Brewster, 843 
Briggs, C. E., 554, 555 
Bristow, W. R., 649, 650, 651 
Brittle bone, 205 
Broca, 795 
Brockway’s operation for fracture of clavicle 
556, 1053 
Brook and Richardson, 537 
Brookes, T. P., 460, 503, 507 
Brooks, 1038 
Brown, P., 671 
Bruns, 147, 151, 786 
Bryant’s line, 835 
method of measurement in fractures of femur, 
836 
triangle, 818 
Buck, 886 
extension in fractures of femoral shaft, 885 
in children, 924 
modified, 889 
in fractures of hip, 861 
Bull, 801 
Burdick, 923, 932, 933 
Burdick and Siris, 924, 928 
Burnett, 755, 756, 759 
Butler, Paul, 753 


Casot, 148, 810, 812 
posterior wire splint, 32 
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Cabot posterior wire splint in fractures of ankle, 
1019 
of femoral shaft in children, 933, 934 
of leg, 982, 983, 984 
Cabot and Binney, 1038, 1039, 1042 
Cahill, 1029 
Cajal, 429 
Calcification, 160 
dependent on enzyme, 160 
Calcium and phosphorus content of blood 
serum as factor in nonunion, 1127 
intake and excretion, factors influencing, 168 
metabolism, 166 
in hyperparathyroidism, 188 
in osteomalacia, 199 
Calculi, renal, in hyperparathyroidism, 191 
Caldwell, 843, 971 
Caliper traction, 39, 42 
removal of caliper, 44 
Callahan, 843 
Callus formation, 177, 178, 180 
stimulation of, 1125 
Campbell, 864, 870, 894, 896, 1075 
method of reduction in fractures of femoral 
shaft, 892 
results from operative treatment of femoral 
fracture, 922 
Campbell and Speed, 922 
Cannon, W. B., 256, 258 
Capitellar epiphysis, fractures of, 105 
anatomy, 105 
diagnosis, 108 
growth disturbance, 110 
mechanism of injury, 106 
pathology, 107 
treatment, 109 
Carcinoma, metastatic, fracture in, 206, 226, 
297, 230 
Carpus, fractures of, 749 
anatomical considerations, 749 
etiology, 749 
pathology and symptoms, 751 
treatment, 755 
surgical approach to, 341, 759 
Carrel, Alexis, 248, 249, 250, 251, 252 
Carrel, Alexis and Dehelly, G., 243, 362 
Carrel-Dakin treatment, 242, 243 
apparatus for, 244-246, 248 
arrangement of tubes in wound, 245, 247, 
249 
dressing, 248, 249 
preparation of solution, 250 
technic of sterilizing recently infected 
wounds, 245 
Cassasa, 427, 429 
Cave, E. F. and Roberts, S. M., method of 
measuring and recording joint function, 17 
Cerebral. See Brain. 
Cerebrospinal fluid, circulation of, 424 
drainage, in skull fracture, 455 
escape from nose and ears, in brain injury, 
439 
normal, 424 
pressure of, 424 
Cervical vertebrae, injuries to, 486 
Chandler, 821 
Charcot joint, 215 
Chase, 512 
Chatelin and DeMartel, 420 
Chauffeur’s fracture, 676 
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Chloroform anesthesia, 283 
Chloroma, 230 
Chondrosarcoma, 230 
Christopher, 983 
Christopher and Davison, 1148 
Christopher, F. and Ryerson, E. W., 503 
Churchill, 195, 214 
Churchill, Cope and Walton, 194 
Chutro, Pedro, 632, 647, 648, 748, 1151 
Circulation depressed by loss of blood volume, 
254 . 
by traumatic stimuli, 255 
Circumferential wiring in mandibular fracture, 
384 
Cisternal puncture in head injuries, 440 
Clamp, bone, Freeman’s, 1096 
Magnuson’s, 316 
Smith’s, 1153 
lateral pressure, Scudder’s, 263 
patella, Scudder’s, 1086 
Clavicle, fractures of, 542, 1053 
anatomical considerations, 542 
birth, 48 
initial care and transportation, 119 
prognosis, 556 
symptoms, 542 
in children, 545 
treatment in adults, 548 
barrel stave dressing, 550 
clavicular cross, 548 
modified Sayre dressing, 552 
plaster yoke dressing, 554 
recumbent, 548 
wooden cross splint, 552 
in children, 554 
operative, 556 
Brockway’s manipulative method us- 
ing bone graft, 1053 
surgical approaches to, 322 
Clavicular cross in fracture of clavicle, 548 
Clawhand, 653, 664 
Cleary’s modification of aeroplane splint, 586 
Clips, towel, for operative wound, 270 
Coaptation splint for humerus, 611 
Coccyx, fractures of, 805 
Cochrane and Wilson, 990, 991 
Cock-up splints for drop wrist, 754, 757 
Codivilla nail or pin traction, 39 
Codman, 759 
method of taking x-ray in fractures of carpal 
scaphoid, 759 
Codman and Simmons, 222 
Cohn, 68, 69, 79, 83, 88, 89, 99, 100, 108, 113, 
636, 649, 697 
method for detecting alterations in position 
of humeral epiphysis, 100 
Colby, 519 
Cold in production of shock, 255 
Cole, P. P., 933, 1047, 1048, 1049, 1050, 1051, 
LOS2 5 1U73s LUTS 
methods of bone grafting in ununited frac- 
ture of mandible, 1047, 1174, 1175 
Collar, doll, 502 
Thomas, 502 
Colles’ fracture, 716, 1058 
anatomical considerations, 718 
associated lesions, 734 
operation for, 1056 
deformity in, 722 
differential diagnosis, 731 
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Colles’ fracture, differential diagnosis, separation 
of lower radial epiphysis, 678, 732 
median nerve injury in, 782, 798 
old, 1058 
prognosis and results, 746 
reversed, 745 
treatment, 745 
roentgen examination, 722 
role of discus articularis in, 720 
symptoms, 723 
treatment, 737 
method of reduction, 737, 743, 744 
operative, to correct deformity, 1058 
retentive apparatus, 738 
Collins’ hitch, 880 
Collip, 170 
Colp, 805 
Commotio cerebri, 427 
Compere, E. L. and Keyes, D. C., 527 
Compound fractures, 235 
antitetanic serum in, 239 
Carrel-Dakin treatment, 242, 243, 245 
cleansing of fractured bone fragments, 
mechanical and chemical, 241 
of wound, mechanical, 241 
closure of soft tissue wound, 242 
damage to soft parts, 236 
emergency treatment, 235 
factors in development of open fracture 
from closed type, 238 
general considerations, 236 
of skull, depressed and nondepressed, 
treatment, 457 
possibilities of infection, 236 
roentgen examination, 236 
shock and its treatment, 236 
sterilization of skin, 240 
of wound, 241 
temporary dressing, 235 
treatment, 238, 242 
of the fracture, 242 
Compression, cerebral, traumatic, 432 
fracture of carpal scaphoid, 749 
Concussion of brain, 427, 434, 451 
Condition of patient, general, 253 
Connors, J. F., 428, 456 
Connors and Wright, 429, 453 
Contracture, Volkmann’s, 653 
Contusions of brain, 428 
of scalp, 439 
of shoulder, 571 
Convulsions in brain injuries, 438 
Conway, 796 
Conwell, 505, 506, 806, 807, 897, 922, 1011 
nonoperative treatment of femoral fracture, 
922 
results by skeletal traction in fracture of 
femoral shaft, 897 
Conwell and Key, 966 
Conwell and Nolan, 808, 814 
Cope, Churchill and Walton, 194 
Copeland and Geschickter, 228, 229, 230, 232, 
233 
Cord bladder in fracture of spine, treatment, 
517, 518 
Cotton, F. J., 87, 94, 723, 737, 744, 745, 869, 973 
method of artificial impaction in fracture of 
hip, 868 
of reduction in Colles’ fracture, 737, 743, 744 
in fractures of leg into knee joint, 972-975 
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Cotton-Dunn artificial hip impaction, 868 
wire applicator, 294, 295 
Cotton and Jones, 665 
Cotton-Loder position, 723 
Cotton and Morrison, 723, 809 
Cotton gloves, 1155 
Coulter and Magnuson, 143, 144, 145, 586 
Counterextension, 30 
methods of securing, 31 
Courville and Rand, 429, 430, 432 
Coxa vara, adolescent, 95 
Craig, 796 
Cranial nerve paralysis after head injuries, 446 
in brain injuries, 438 
sutures, 417 
Cranium. See Skull. 
Creeping substitution in bone grafts, 186 
Crossan and Ashhurst, 1000 
Crutchfield, W. G., 460, 499, 507 
technic of tong traction in cervical fracture- 
dislocation, 499 
Cubitus valgus and varus following elbow frac- 
tures, 650 
Cubitus varus deformity due to  trochlear 
epiphysis, 104 
Curtis, 598 
Cushing, 424, 426, 458 
phenomenon, 425 
Cushing and Putnam, 431 
Cutler, 380, 668, 922 
Cutler and Thorndike, 932 
Cyclopropane anesthesia, 282 
Cystitis in fracture of spine, treatment, 516 
519 
Cysts, bone, echinococcus, 225 
simple, 217 
solitary, 205 
fractures in, 205 


DacutLer, 1028 

Dakin’s solution, 250 

Daland, 239 

Damming to stimulate callus formation, 1126 

Dandridge, 148 

Dandy, 431, 447, 512 

Darcissac, 381 

Dargent and Mallet-Guy, 507 

Darrach, 723, 1060 

David, 924, 925, 926, 929, 933 

Davidoff and Ferraro, 430 

Davidson and Horwitz, 798 

Davis, 298, 338, 460, 471, 820 

Davis, A. G., 507 

Davis, G. G., 813, 815 : 

Davis’ ankle suspension method for reduction 
of fractured vertebrae, 471, 472 

Davis-Piotti, 40, 334, 355, 357, 544, 545, 547, 
565, 566, 567, 578, 699, 724 

Davison, 989 

Davison and Christopher, 1148 

Deaver, 898 

Decalcification, causes of, 168 b ties 

Decompression, physiological, in head injuries, 

453 

subtemporal, in head injuries, 458, 459 

Decubitus ulcers. See Bed sores. 

Dehelly, G. and Carrel, Alexis, 243, 362 

DeLagéniére, 1151 

Delaney and Siris, 928 
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Delayed union, 182, 1112 
causes, 1126 
following plating, 307, 1117 
in mandibular fracture, 379 
treatment without bone grafting, 1125 
Delbet, 1001 
plaster of Paris apparatus in fractures of 
ankle, 1021 
in fractures of leg, 1000 
Delirium, traumatic, 435 
De Martel and Chatelin, 420 
Development and growth of bone, 158 
Dextrin bandage, 140 
Diet, influence on calcium and phosphorus in- 
take and excretion, 168 
Direct fixation of fragments, 289 
leverage, Thomson, 1109 
Discus articularis, rdle of, in Colles’ fracture, 
720 
Disks, intervertebral, injuries to, 521 
Dislocations of vertebral column, 460, 484 
cervical vertebrae, 486 
classification, 491 
period of fixation, 502 
recurrent, 503 
treatment, 494 
Distention, abdominal, in massive injuries, 257 
Dodd, 509, 630, 644, 672, 673, 674, 692, 726, 
1017 
Doll collar, 502 
Dollinger, 147 
method of ambulatory treatment, 147, 148 
Dorrance’s traction method in fractures of 
femoral shaft in children, 928 
Dorsal vertebrae, fracture and dislocation of, 
461 
Dowbrowski, 147 
Dressing, application of, after open operation, 
276 
Drop finger, 774 
wrist, Jones’ cock-up splint for, 754 
Drugs, stimulating, contraindicated in shock, 
255 
Drummond and Pearson, 873, 901, 902, 903, 
911, 1064, 1065, 1066 
Dujarier, 1151 
Dunlop, 460 
Dunlop, J. and Parker, C. H., 507 
Dupuytren splint in fractures of ankle, 1018 
Dura mater, 421 


Ears, escape of cerebrospinal fluid from, in 
brain injury, 439 
hemorrhage from, in brain injuries, 439 
Eby, 380 
Ecchymosis in fracture of leg, 970 
Echinococcus cysts of bone, 225 
Edema, cerebral, traumatic, 432 
Edentulous jaws, mandibular fractures in, 382 
Ehrenfest and Truesdell, 47 
Eisendrath, 820 
Elbow, anatomy of, 618 
carrying angle, 621 
head of radius, 621 
movements at joint, 621 
measuring and recording, 21 
three bony points, 618, 619 
dislocations of, myositis ossificans following, 
799 
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Elbow, fractures of, 618, 1053 
after-care, 644 
classification, 623 
examination, 618, 648 
into joint, in adults, 651 
limitation of motion following, 649 
omission of splint or retentive apparatus, 646 
plaster of Paris splints, 130, 131, 133-135 
T fracture into joint, 635 
treatment, 636 
treatment, 635 
special operations, 1053 
ulnar nerve paralysis in, early, 798 
‘late, 792-798 
Volkmann’s contracture following, 653 
injuries of, after-care, 644 
anatomical examination, 635, 649 
classification, 623 
limitation of motion following, 649 
treatment, 635 
movements of, 621 
measuring and recording, 21 
surgical approaches to, 326 
Electrical findings in musculospiral nerve 
paralysis, 788 
Electro bone instruments, Hoglund, 1176 
Eliason, 635, 636, 641, 730, 748, 816, 898, 1082, 
1121 
rotation deformities of supracondylar frac- 
tures, 641 
Eliason and Hinton, 309, 310, 311, 312, 313 
Elsberg, C. A., 528 
Ely, 1121 
Embolism, fat, 802 
in fractures of leg, 1007 
Emergency treatment, 116, 117 
in back and neck injuries, 120 
in compound fracture, 235 
in fracture of femoral shaft, 880 
Emphysema in fractures of ribs, 529, 532, 536 
Encephalography in head injuries, 447 
Enchondroma, 225 
Epidural hemorrhage, 430 
Epilepsy, traumatic, 445 
Epiphyseal fractures, 162 
acromion, 113 
femoral, distal, 89 
great trochanter, 875 
lesser trochanter, 112 
proximal, 95 
humeral, distal, 98, 634, 644 
capitellar, 105 
external epicondyle, 105 
internal epicondyle, 101 
trochlear, 104 
proximal, 79, 574, 594 
ilium, anterior inferior spine, 111 
anterior superior spine, 110 
ischial tuberosity, 112 
metacarpals, 115 
olecranon, 77 
os calcis, 113 
phalanges, 114 
radial, distal, 69, 678, 696, 732 
proximal, 79 
reduction of, 68 
tibial, distal, 83 
proximal, 88 
ulnar, distal, 77 
vertebral, 114 
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Epiphyseal injuries, 63 
due to birth trauma, 62 
factors influencing susceptibility, 63, 65 
lengthening after, 67 
malposition after, 67, 68 
premature ossification after, 65, 66 
retardation of growth after, 65, 66, 67, 68 
types of, 63, 64, 65 
Epiphyseal plate, 159 
ES oes time of appearance and ossification, 
, 69 
Epiphysiolysis, 95 
Epistaxis in head injuries, 439 
Erdheim, 199 
Ether anesthesia, 282 
Ethyl] chloride anesthesia, 283 
Ethylene anesthesia, 281 
Ewing’s sarcoma, 232 
Exercises in fracture of vertebrae, 476 
Exophthalmos, pulsating, after head injury, 447 
Exostoses, fracture in, 225 
Extension, 30 
in fracture of neck of femur, 862 
of shaft of femur, 885, 890, 907 
in children, 924, 925 
methods of securing, 31 
Extracranial injuries, 426, 439 
treatment, 450 
Extradural hemorrhage, 430 
Eye signs in brain injury, 438 


Fasricius, 301 
Face lacerations in mandibular fracture, care 
of, 361 
with foreign bodies, 362 
Facial bones, fractures of, 354 
Facial paralysis after head injury, 446 
in brain injury, 438 
Fascia lata sutures in fracture of patella, 1090, 
1093 
Fasciotomy for Volkmann’s contracture, 657 
Fat embolism, 802 
cerebral type, 803 
pulmonary type, 803 
Fay, 432 
Fay and Pancoast, 447 
Fear in production of shock, 255 
preliminary to operation, 270 
Feces, incontinence of, in fracture of spine, 
519 
Feiss, 1099 
Femoral epiphysis, distal, fractures of, 89 
complications, 92 
diagnosis, 91 
displacements, 91, 92, 93 
growth disturbances, 94 
treatment, 92 
greater trochanter, 875 
lesser trochanter, 112 
proximal, fractures of, 95 
acute traumatic origin, 95 
insidious origin, 95, 96 
four stages, 96 
treatment, 97 
accurate reduction, 98 
slipped, 95 
Femur, condyles, skeletal traction to, 40 
fractures of, 818 
birth, 56 
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Femur, fractures of: 
neck, 818 
anatomical considerations, 818 
bed sores in, 842 
clinical types, 841 
disability after, 839 
examination, 834 
impacted, 821, 832, 851, 1070 
in adults, 819 
in childhood, 870 
measurement of leg, 835 
nonunion in, 838, 872, 1060, 1062 
bone pegging operation for, 1074 
Brackett’s operation, 1062 
condition of aged patient, 1061 
treatment, 838 
operative, 872 
Whitman’s arthrodesis for, 1073 
prognosis and results, 837 
shortening of leg in, 831, 835, 839 
symptoms, 829 
treatment, 841 
abduction frog plaster splint (Moore), 
860 
abduction plaster splint (Whitman), 
851, 852, 856 
abduction with traction splint (Brad- 
ford), 865 
artificial impaction (Cotton), 868 
bone grafting, 1170 
bone pegging operation, 1074 
Brackett operation, 1062 
drilling neck of femur (Bozsan), 848 
extension (Buck), 861 
general considerations, 842 
Maxwell-Ruth plan, 863 
steel internal fixation (Moore), 842, 844 
Whitman’s arthrodesis, 1073 
plaster of Paris splints in, 135 
shaft, 875 
after-treatment, 911, 1080 
deformities in, 896, 914, 915, 921 
first aid and transportation, 122, 880 
general management, 911 
in childhood, 923 
displacement of fragments, 923 
treatment, 923 
Bradford frame with vertical sus- 
pension, 929 
Cabot posterior wire splint, 933 
Dorrance traction method, 928 
immediate, 926 
older children, 931 
operative, 932 
permanent dressing, 927 
results, 933 
skeletal traction, 932 
Thomas splint, 925, 932 
intertrochanteric, 906 
into knee joint, 909 , 
intracapsular of one condyle, operative 
treatment, 1082 
lesser trochanter, 906 
lower third, 878, 909, 914, 915 
measurement of leg, 878 
middle third, 877 
nonunion in, 1114, 1170, 1171 
operative measures, 911 
shortening of leg in, 900 
supracondylar, 878, 907, 912, 917 
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Femur, fractures of, shaft: 
suspension of fractured limb, 884 
symptoms, 878 
transverse, 910, 917 
treatment, 901 
after-, 911, 1080 
balanced traction, 890 
bone grafting, 1170, 1171 
Buck’s extension, 885 
modified, 889 
choice of method, 903 
convalescent, 919 
emergency, 122, 880 
fixation in plaster of Paris splint, 
894 
hip traction splint, 919, 920 
Hoke plaster traction apparatus, 904 
Huntington’s method of traction and 
countertraction, 911, 916 
ivory keys (Magnuson), 313 
nonoperative results, 922 
operative, indications for, 1105 
results, 1080 
postoperative care, 1075, 1080 
principles underlying, 882 
reduction, immediate, 
method, 892 
Orr’s method, 893 
results, 897 
results, 921 
Russell extension method, 907 
screws for direct fixation, 304 
Sinclair’s glue extension, 890 
skeletal traction, 897, 898 
Soutter traction apparatus, 909, 910, 
911 
special conditions to be considered, 
900 
Thomas splint, 899 
postoperative care, 1075 
walking caliper splints, 915, 918, 
919 
upper third, 876, 907, 909 
Femur, separation of epiphyses. 
eprphysis. 
surgical approaches to, 342 
distal extremity, 346 
separation of muscles from linea alba, 
353 
shaft, 343 
Ferguson, 658 
Ferraro and Davidoff, 430 
Fessler, 783, 786 
Fibroblasts, 162 
Fibrosarcoma, 230 
Fibula and tibia, fractures of, 961. 
Leg, fractures of. 
surgical approaches to, 353 
Fick, 854 
Fingers, fractures of, 759, 773 
movements of, 759 
measuring and recording, 23 
splints for, 770-774 
Finichetti stirrup, 39 
First aid, 116, 117 
for back and neck injuries, 120 
in compound fracture, 235 
in fractures of femoral shaft, 880 
Fiske, 148 
Fiske and Row, Subba, 188 


Campbell’s 


See Femoral 


See also 
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Fixation, direct, by operation, 289 
artificial impaction of reduced fragments, 
289 
bolts, nails, screws and pins, use of, 298 
conditions governing choice of method, 
289 
impaction of fractured ends through in- 
cision, by leverage, 289 
intramedullary pegs or grafts, 296 
ivory (Magnuson’s method), 313, 314, 
316 . 
screws, 320 
wire and bands of steel, 291 
’ Cotton-Dunn wire applicator, 294 
Gatellier’s banding instrument, 
293 
operative procedure, 295 
Parham-Martin band, 292 
removal of, 296 
inadequate, of fragments as cause of non- 
union, 1119 
methods of, in fractures of mandible, 363, 366 
in fractures of maxilla, 391 
Fixed traction, methods for, 31, 32 
Flagg, 279 
Flexible frame reduction in fractures of verte- 
brae, 479 
Fluoroscope in reduction of fractures, 28 
equipment needed, 29 
hazards of, 28 
of both bones of forearm, 684 
Fontaine and Hermann, 1046 
Foot board, Sinclair’s, 874 
Foot, bones of, fractures, 1027 
astragalus, 1027 
initial care, 126 
metatarsal bones, 1042 
os calcis, 1027 
scaphoid of tarsus, 1042 
movements of, measuring and recording, 27 
Footdrop in fractures of pelvis, 813 
Forbes and Wolff, 425 
Forearm bones, fractures of, 666 
both radius and ulna, 666 
indications for operation, 1103 
treatment, 683 
classification according to relation of 
fracture to insertion of pronator radii 
teres muscle, 681 
Colles’ fracture, 716, 1058 
coronoid process of ulna, 680 
treatment, 696 
head and neck of radius, 667 
incomplete or greenstick, 667 
treatment, 704 
nonunion in, 1114 
shaft of radius, 674 
treatment, 696 
shaft of ulna, 679 
treatment, 696 
treatment, 682 
direct leverage of fragment, 701, 1108 
Foreign bodies in brain, retained after injury, 
446 
in fracture wounds of face, 362 
Forrester-Brown, 1141 
Fortune-Vickers, 801 
Foster, G. V., 252 
Fracture table, Hawley, 862 
Fragilitas ossium, 205 
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Fragility of bone, causes of, 208 

Frame, Bradford, 929, 935, 936 

Frazier, 510 

Freeman, N. E., 258, 1096 
traumatic shock and general condition of pa- 

tient, 253 

Freeman’s bone clamp, 1096 

Freeman, N. E., Morison, R. S. and Sawyer, 
M. E. M., 258 

Freeman, N. E., Schaffer, S., Schecter, A. and 
Holling, H. E., 257 

Freeman, N. E., Shaw, J. L. and Snyder, J. C., 
250 

Fremont-Smith and Kubie, 425 

Frog plaster in fracture of hip, 860 

Frohlich, 1151 

Fuchsig’s traumatic lipemia, 802 

Fuller, 813 


GALurE, 1089, 1090, 1093, 1094, 1134 
method of fascia lata suture in fracture of 
patella, 1093, 1094 
Gallie and Robertson, 1134 
Garrey and Thorndike, 127 
Gas gangrene, 800 
stages of, 800 - 
treatment, 801 
antitoxin in, 801, 802 
loca!, 801 
operative, 801, 802 
Gatellier’s banding instrument, 293 
Gatellier, J. and Stanley, E. G., 294, 296 
Gaucher’s disease, 210 
bones in, 206 
Gauss, 802 
General condition of patient, 253 
George, 114, 547, 618, 669, 670, 699, 832, 833 
George and Leonard, 539 
Geschickter, 226 
Geschickter and Copeland, 228, 229, 230, 232, 
233 
Geschickter, C. F. and Harmer, T. W., patho- 
logical fractures, 208 
Ghormley, 802 
Giant cell tumor, 221 
degenerative changes in, 222 
solitary benign, 205 
Gilcreest, 652 
Gillies’ method of reduction of fracture of 
malar bone, 412 
Gilman’s method of interdental wiring, 374 
Glaser and Shafer, 445 
Gloves, cotton, 1155 
rubber, 1155 
Glucose administration in head injuries, 453 
Glue, Sinclair’s, 890 
Goldstein, 783 
Goldthwaite, 776 
Gottlieb, 446 
Graft fractures, 1178 
Grafting, bone, 1134. See also Bone grafting. 
Graham, Singer and Ballou, 532, 537 
Grant, 431 
Greene, Smith and Wright, 422, 423, 427, 431 
Greenough, Simmons and Harmer, 223 
Griswold, 151, 996, 999 
double pin reduction and fixation of frac- 
tures of leg, 996 
extension apparatus, 998 
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Groskloss, H. H., 803, 804 
Growth of bone, 158 
retardation of, after epiphyseal injuries, 65, 
66, 67, 68 
Guérin fracture of maxilla, 391 
Gunning splint, 382, 383 
Gunshot wounds of head, treatment, 458 
Gunstock deformity due to trochlear epiphysis, 
104 
Gurdjian, 439 
Gwathmey, 279 
Gypsum molded splints, making, 1004 


Haceart, 584 
Haldeman, 186 
Haldeman and Soto-Hall, 755, 756 
Ham splint, plaster of Paris, 143 
Hammock suspension in fractures of pelvis, 807 
Hammond, 532 
Hampton, A. O., fluoroscopic reduction of frac- 
tures, 28 
Hampton, A. O. and Robinson, J. M., 528 
Hand, injuries to, 759 
musculature of, 760 
Hands of surgeon, preparation for operation, 
1155 
Harding, 807, 808 
Harger, 746, 747 
Harmer, 906 
Harmer, T. W. and Geschickter, C. F., patho- 
logical fractures, 208 
Harmer, Greenough and Simmons, 223 
Harrington’s solution, 240 
Harris, 161 
Harte, 274, 275 
retractor and spatula, 303 
Hawley, 552, 711, 712, 713, 852, 1088 
finger splints, 773 
fracture table, 862 
method of wiring in fracture of patella, 1088 
Head, gunshot wounds, treatment, 458 
injuries, 416 
anatomical considerations, 416 
of intracranial contents, 421 
associated injuries, 434 
brain injuries in, 427, 428 
diagnosis, 442 
differential diagnosis, 447 
histopathology, 429 
prognosis, 448 
signs and symptoms, 434, 441 
treatment, 449 
complications, 442 
economic readjustment after, 447 
encephalography or cerebral pneumog- 
raphy in, 447 
etiology and incidence, 416 
examination chart, 443 
initial care, 118 
physiological considerations, intracranial, 
424 
scalp, pathology of, 426 
treatment, 450 
sequelae or late effects, 444 
signs and symptoms, 434, 441 
skull fracture in, mechanics of, 417 
penetrating, 419 
treatment, 452 
special procedures and examinations, 439 
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Head injuries, treatment, 449, 455 
drainage of spinal fluid, 455 
intravenous injections of hypertonic 
solutions 
sion), 453 
of acute brain injury, 449 
of compound fractures, 457 
of concussion, 451 
of extracranial injuries, 450 
of gunshot wounds, 458 
of intracranial injury without skull 
fracture, 451 
of skull fracture, 452 
of traumatic shock, 450 
operative, 456, 457 
subtemporal decompression, 458, 459 
with suspected cerebral injury manage- 
ment, 442 
Head, position of, in fracture-dislocation of cer- 
vical vertebrae, 493 
Headache in head injuries, 437 
posttraumatic, 444 
Healey, 576, 836 
Healing of fractures, 158 
in disease, 187 
in health, 158, 171 
Heart, impaired, following traumatic shock, 257 
Helferich, 406, 417, 431, 630, 631, 733, 735, 
736 
Heller, 682, 817 
suspension traction frame for forearm frac- 
tures, 682 
Hematoma, nature of, 800 
of scalp, 426, 439 
treatment, 450 
subdural, 446 
chronic, 431 
Hemorrhage, epidural, 430 
extradural, 430 
from ears in brain injury, 439 
from nose and throat in brain injury, 439 
in fracture, emergency control, 117, 118 
intermeningeal, 430 
intracerebral, 429 
intracranial, signs and symptoms, 434 
subcortical, 429 
subdural, 431 
Hemothorax in fracture of rib, 533, 534, 536 
Henderson, 300, 579, 838, 1075, 1112, 1118, 
1163 
method of bone grafting, 1163 
Henry, A. K., 322, 324, 325, 326, 327, 328, 339, 
340, 341, 343, 346, 347, 348 
approach to distal extremity of femur, 346 
Hermann, L. G., 715, 716, 1044, 1045, 1046 
osteoporosis, 715, 1044 
Hermann, Otto, 469, 1031, 1038 
treatment of fracture of os calcis, 1031 
Hermann and Fontaine, 1046 
Hermann and Sudeck, 716 
Herpin, 380 
Hertz and Kranes, 188 
Hess, 1167 
Hey Groves, 31, 38, 41, 44, 269, 271, 296, 297, 
298, 305, 306, 562, 927, 1112, 1117, 1122, 
1126, 1143, 1144, 1146, 1157, 1174, 1175 
methods of inserting intramedullary pegs and 
grafts, 297 
Hey Groves and Aitken, 44 
Hinton and Eliason, 309, 310, 311, 312, 313 


(physiological decompres- | _ 
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Hip, arthrodesis of, for ununited fracture of 
neck of femur, 1073 
fractures of, 818. See also Femur, fractures of, 
neck. 
movements of, measuring and recording, 24 
surgical approaches to, 342 
traction splint in fracture of femoral shaft, 
919, 920 
Hirsch, 749 
Hitzrot, 652, 1061 
Hobart, 595 
Hockzema, 418 
Hockzema and Le Count, 426 
Hodgen, 31, 35, 36, 38, 40, 45 
leg splint, 873, 874, 875 
for transport, 881, 883 
principle of traction and suspension, 31 
Hodgkin’s disease, fracture in, 228, 229 
Hoen, T. I., 460, 508 
Hoffheinz, 804 
Hoglund’s electro bone instrument, 1176 
Hoke plaster traction apparatus in fracture of 
femoral shaft, 904, 905 
Holderman, 539, 540 
Holling, H. E., Freeman, N. E., Schaffer, S. 
and Schecter, A., 257 
Holmes, 218, 561, 582, 670, 840 
Holmes and Ruggles, 232 
Holmes, Porter and Scudder, 433 
Homans and Smith, J. A., 696 
Horizontal wiring in mandibular fracture, 366 
in maxillary fracture, 392 
Horwitz and Davidson, 798 
Howship’s lacunae, 164 
Humeral epiphyses, distal, fractures of, 98, 634 
capitellar, 105 
external epicondyle, 105 
internal epicondyle, 101 
treatment, 644 
trochlear, 104 
proximal, fractures of, 79, 574 
diagnosis, 80 
premature ossification and shortening 
after, 82 
prognosis, 578, 594 
treatment, 81, 577 
anatomical reduction, 82 
operation, 82 
with dislocation of fragment, 594 
Humerus, birth fractures of, 49 
musculospiral paralysis with, 784 
condyles, skeletal traction to, 41 
dislocation of head of, 594 
subcoracoid, 572 
fractures of, 564 
anatomical neck, 572 
results of excision of shoulder, 602 
treatment, 582 
with dislocation of upper fragment, 594 
birth, 49, 784 7 
external condyle, 629 
late ulnar paralysis in, 792 
results, 649 
treatment, 636 
first aid and transportation, 125 
greater tuberosity, 580 
treatment, 581 
internal condyle, 628 
early ulnar paralysis in, 798 
treatment, 636 
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Humerus, fractures of: 
internal epicondyle, 628 
treatment, 636 
lesser tuberosity, 582 
lower end, 618 
after-care, 644 
into elbow joint, 635, 636 
in adults, 651 
limitation of motion following, 649 
nonunion in, 1166 
paralysis with, 781, 782 
treatment, 635 
acutely flexed position, method of 
using, 636 
precautions, 639 
bone grafting, 1166 
operative, indications for, 1102 
eg ets nerve paralysis in, 603, 782— 
92 
shaft, 603, 1052 
nonunion in, 1113, 1164 
paralysis with, 781, 782 
prognosis, 616 
symptoms, 603 
transverse supracondylar, 631 
Posadas-Chutro, 634 
treatment, 641 
Volkmann’s contracture following, 
653 
treatment, 608 
bone grafting, 1164 
cases with considerable displacement, 
615 
with little or no displacement, 608 
method for immobilization and sup- 
port, 1052 
operative, indications for, 1102 
surgical neck, 578 
treatment, 582, 587 
with dislocation of upper fragment, 
594 
with great displacement, 594 
upper end, 564 
after-care of fractures of shoulder, 
586 
anatomical considerations, 564 
diagnosis, 570 
examination of shoulder, 564 
excision of shoulder joint in, 595 
nonunion in, 1164 
prognosis and results, 593 
subperiosteal, in children, 580 
treatment, 582 
bone grafting, 1164 
cases with displacement, 587 
without displacement, 582 
excision of shoulder joint, 595 
operative, 594 
indications for, 1102 
traction bed, 588-590 
Humerus, separation of epiphyses. See Humeral 
epiphyses. 
surgical approaches to, 322 
elbow joint, 326 
landmarks, 330 
lower distal part of shaft, 324 
lower end, 326 
musculospiral nerve, protection of, 325 
shoulder joint, 325 
Hunter, 158 
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Huntington’s method of traction and counter- 
traction in fracture of femoral shaft, 911, 916 
Hurwitz and Milles, 453 
Hypernephroma, fracture in, 229 
Hyperparathyroidism, 187 
classical form, 191 
differential diagnosis, 193 
etiology, 188 
calcium and phosphorus 
changes, 188 
functional hyperplasia, 188 
fractures in, 198, 214 
osteoporotic form, 191 
pathology, 189 
renal calculi in, 191 
symptomatology and physical findings, 191 
treatment, 194 
medical, 194 
surgical, 194 
postoperative course, 196 
symptomatic improvement after, 198 
tetany following, 196 
treatment, 197 
types of, 191 
with nephrolithiasis, 191 
Hyperthyroidism, calcium and phosphorus ex- 
cretion in, 169 
osteoporosis of, 202 
Hypoparathyroidism, 199 


metabolism 


Icart, 301 
Ice tongs, Ransohoff, 39 
Ilium, fractures of, 805, 806 
epiphyseal, anterior inferior spine, 111 
anterior superior spine, 110 
Immediate care, 116 
Impaction in hip fracture, 851 
artificial, 868 
Incontinence, urinary, in head injuries, 437 
Infected wounds, Carrel-Dakin treatment, 243, 
245 
Infection as cause of nonunion, 1122 
in compound fracture, 236 
Inflammatory bone disease, fracture in, 215 
Initial care, 116 
in back and neck injuries, 120 
in compound fractures, 235 
in fractures of femoral shaft, 880 
principles of, 117 
Inlay grafting, 1152, 1157 
Instruments, electro bone, Hoglund, 1176 
for fracture surgery, 268 
in use of wire, 291 
Intercostal artery, rupture of, in fracture of rib, 
535 
Interdental wiring, 374 
Intermaxillary splint, 380, 382, 383 
Intermeningeal hemorrhage, 430 
Internal fixation of hip fracture, 842 
Intervertebral disks, injuries to, 521 
anatomical considerations, 521 
annulus lamellosus injury with prolapse 
of nucleus pulposus peripherally, 526 
cartilage plate injury with prolapse of 
nucleus pulposus into vertebral body, 
523 
late symptoms of involvement, in old un 
reduced fracture of vertebrae, 483 
Intracerebral hemorrhage, 429 
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Intracranial aerocele, 433 
contents, anatomical considerations, 421 
volume relationships, 426 
hemorrhage, 434 
injury, signs and symptoms, 434 
without skull fracture, treatment, 451 
physiology, 424 
pneumocele, 433 
pressure, 424 
increased, effect on cerebral circulation, 425 
Intramedullary pegs and grafts, 296, 1147 
disadvantages of, 297 
Ischemic contracture, Volkmann’s, 653 
paralysis of leg simulating Volkmann’s con- 
tracture, 661 
Ischium, fractures of, 805 
epiphyseal, of tuberosity, 112 
Ivory screws, 320 
Ivory, sterilization of, 321 
use of, in direct fixation, 313, 1174 
advantages of, 315 
knee-joint disability following, 319 
Magnuson’s method (ivory keys), 313, 
314, 316 
results, 318 
Ivy, 384, 385 


JACKET, plaster of Paris, in fracture-dislocation 
of cervical spine, 500 
in fractures of vertebrae, 473 
Jackson, 233, 503 
Jackson, Leader and Kutsunai, 453 
Jaffe, 189 
Jakael’s staple, 299 
Jaws. See Mavilla and Mandible. 
Jefferson, 430, 449 
Jepson, P. N., 655, 665 
Johnson, 759 
Joint function, measuring and recording, 17 
Jones, 460, 581, 662, 663, 665, 965 
Jones, Robert, 36, 665, 966 
Jones, R. W., 507 
leg fracture, 992 
Jones, S. G., Volkmann’s contracture, 653 
Jones’ arm splint, 36 
cock-up splint for drop wrist, 754 
leg splint, 33 
tibia traction apparatus, 991, 992 
traction humerus splint, 591, 607, 608 
treatment of fracture of leg by immediate re- 
duction and plaster of Paris splint, 990 
Jones and Cotton, 665 
Jones-Murphy, 1125 
Jones and Smith, 636 
Joplin, R. J., 521, 524 
Judgment of surgeon, 1181 
Junghanns, H. and Schmorl, G., 527 


KaurMan, 430 

Kazanjian, 375 
method of fixation in comminuted fractures 

of mandible, 385 

Kazanjian, V. H. and Thoma, K. H., facial 
bone fractures, 354 

Kellie, 426 

Kemp, L. S., 867, 869 

Kennedy, R. H., initial care and transporta- 
tion, 116 
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Kerr, Kosmah and Twenly, 60 
Key and Conwell, 966 
Key-Thorndike, 42 
Keyes, D. C. and Compere, E. L., 527 
Keys, ivory, 316, 318 
Kidner, 1119 
Kienbéck’s disease, 750 
Kindl, 751 
Kingsley, 397 
Kirschner, 518 
wire traction, 39, 42 
Kleiner, 539 
Knee, anatomy of, 965 
aspiration of, 946 
flexion splint, Leland’s, 277 
Pearson’s, with Thomas splint, 34, 37 
involvement of, in fracture of femur, 909 
movements of, measuring and recording, 26 
splint, Thomas, for ambulatory treatment, 
149 
Knight brace, 475 
Kocher, 581 
Kolodny, 821, 822, 823, 830, 1121, 1133 
Korsch, 147, 148 
Kosmah, Kerr and Twenly, 60 
Kranes and Hertz, 188 
Krause, 147, 148, 151 
Kreuscher, 821 
Kubie and Fremont-Smith, 425 
Kiimmell’s disease, 482 
Kutsunai, Jackson and Leader, 453 


LaBat, 279, 286 
Lacerations of brain, 428, 434 
of face in mandibular fracture, 361 
with foreign body, 361 
of scalp, 426, 439 
treatment, 450 
Lacunae, Howship’s, 164 
Lambotte, 273, 298 
bone spikes, 299 
screws, 299 
Laminae, vertebral, fracture of, 505 
Laminectomy in fracture of spine, 512 
Lane, 273, 301 
Lapidus, 939 
Law and the surgeon, 1180 
Leader, Jackson and Kutsunai, 453 
Leary, T., 431 
medicolegal relations, 1180 
Le Count, 418 
Le Count and Apfelbach, 428 
Le Count and Hockzema, 426 
Lee, 545, 965 
Le Fort, 311 
fracture of maxilla, 391 
Leg, amputation of, for gas gangrene, 801, 802 
fractures of, 961 
anatomical considerations, 961 
birth, 58 
by torsion, 962 
condyles of tibia, 971 
deformity in, 969 
ecchymosis and blebs in, 970 
examination, 966 
first aid and transportation, 121 
general observations, 962 
into knee joint, 972 
nonunion in, 1115 
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Leg, fractures of : 
old, near ankle, operative treatment, 1100 
open or compound, 1001 
prognosis, 1004 
refracture in, 1007 
shaft of fibula alone, 971 
shortening of leg in, 967 
simple, with little or no displacement or 
swelling, 974 
swelling in, 970, 977 
symptoms, 968 
thrombosis and embolism in, 1007 
tibial spine, 965 
treatment, 971 
ambulatory, 147 
care after application of permanent 
dressing, 1003 
Cotton’s method of reduction, 972-975 
Delbet’s plaster of Paris apparatus, 
1000 
emergency, 121 
Freeman’s bone clamp, 1096 
Griswold’s double pin reduction and 
fixation, 996 
immediate reduction, 979 
Jones’ method of immediate reduction 
and plaster splint, 990 
operative, indications for, 1105 
versus nonoperative, 972 
plaster of Paris splint, 136-145, 977 
posterior wire and side splints, 982 
principles underlying, 971 
Short-Desault traction splint, 993 
Sinclair “skate,” 984 
summary, 1006 
temporary dressing, 980 
traction plaster of Paris splint, 989, 993 
Wilson’s method of reduction by trac- 
tion, 990 
with considerable immediate swelling, 977 
with marked displacement of fragments 
difficult to hold reduced, 981 
Leg, ischemic paralysis of, simulating Volk- 
mann’s contracture, 661 
Leg splint, Blake-Keller, 33 
Cabot posterior wire, 32, 933, 982, 1019 
Hodgen, 873, 874, 875 
for transport, 881, 883 
Jones, 33 
plaster of Paris, 136-145 
in ambulatory treatment, 148 
Short-Desault, 993 
Thomas, 873 
for transport, 122, 881, 883 
in fixed traction, 32 
in fractures of femoral shaft, 899 
in children, 932 
in weight traction, 36 
knee flexion attachment, 908 
Legal relations of physician and patient, 1180 
Leland, 607, 608, 714, 715, 1006 
knee joint flexion splint, 277 
Lemaitre, 1151 
Lengthening after epiphyseal injury, 67 
Leonard and Adams, 941 
Leonard and George, 539 
Leriche, 432 
Leriche and Policard, 308 
Leverage in operative treatment of fractures, 
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Lewis, 799 

Lewis, Dean and Miller, E. M., 780, 781, 791, 
794 

Lichtenstein, M. E. and McNealy, R. W., 759, 
760, 761, 762, 763, 764 

Lipemia, traumatic, 802 

Lipoid dystrophies, bones in, 206 

Littlewood, 659 

Longitudinal sinus syndrome, 439 

Lounsbury and Metz, 1104, 1105, 1106, 1107 

Lucas-Championniére, 154, 1126 

Lucid interval following head injury, 435 

Lucke and Meyer, 530 

Luckett, W. H., 433 

Ludloff, 907 

Lues, fracture in, 210 

Lumbar puncture in head injuries, 439 
vertebrae, fracture and dislocation of, 461 

Lunate bone, fractures of, 749 

Lund, 638 

Lund and Binney, 936, 937 

Lung injury in fracture of rib, 535 

Luschka, 524 

Lyle, 36 

Lymphoblastoma, fracture in, 229 


MacAuvstanp, 650 
MacCallum, 233 
Macewen, 1134 
Maes, S., 800 
Magnuson, 126, 313, 314, 316, 317, 318, 319, 
320, 666, 683, 686, 687, 700, 1040, 1087, 
1088 
bone clamp, 316 
method in fractures of both bones of fore- 
arm, 686 
of postoperative care in fracture of femur, 
1080 
of using ivory keys for direct fixation, 313, 
314, 316 
Magnuson and Coulter, 143, 144, 145, 586 
Mahoney, 811 
Malar bone, fracture of, 406 
anatomical considerations, 406 
diagnosis, 410 
etiology, 407 
prognosis, 415 
special characteristics and symptoms, 
408 
treatment, 411 
in comminuted cases, 413 
Malgaigne’s fracture of pelvis, 809, 810 
Malignancy, metastatic, fractures in, 206, 226, 
Q27 
Mall, 158 
Malleoli of ankle, skeletal traction to, 41 
Mallet-Guy and Dargent, 507 
Malposition after epiphyseal injury, 67, 68 
Malpractice suits, 1180 
basis for, 1182 
Malunion in mandibular fracture, 388, 389 
Mandible, fractures of, 355, 1047 
classification, 366 
Cole’s bone plastic in, 1047 
comminuted, 385 
Kazanjian’s method, 385 
control of posterior fragment, 378 
delayed union, treatment, 379 
direction of fracture line, 364 
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Mandible, fractures of : 
etiology, 358 
examination and diagnosis, 359 
fixation methods, 363, 366, 1173, 1174 
comminuted fracture, 385 
edentulous jaws, 382 
loss of bone, 387 
sound teeth both sides, 366 
one side, 374 
initial care, 118 
lacerations of face, care of, 361 
muscle pull, 356, 365 
neck of condyle, 381 
nonunion and malunion in, 388, 1172 
treatment by bone grafting, 1174 
by plating, 1173 
by wiring, 1174 
pathological, 358 
prognosis, 361 
prophylactic treatment, 363 
roentgen examination, 360 
surgical anatomy, 355 
traumatic, 359 
Manipulation for reduction of cervical frac- 
ture-dislocation, 495 
in production of shock, 256 
Marble, 995 
Marble bones, 206, 210 
Marshall splint, 397, 398 
Martin, 148, 1171 
Martland, 427, 429, 533, 534, 536 
Mason, 235, 596 
Massage and mobilization, 152 
active movement, 156 
cases for, 152 
cautions regarding, 156 
effects of, 153 
indications and dangers, 154 
objects of, 153 
passive movement, 153, 155 
voluntary movement, 156 
following fracture of humerus, 616 
in fractures of elbow, 645, 646 
Masserman, 454 
Massive bone graft, 1152, 1160, 1163 
Mastoiditis complicating head injuries, 444 
Maxilla, fractures of, 389 
after-care, 399 
comminuted, with extensive lacerations, 
399 
complications and their treatment, 399 
examination and diagnosis, 390 
fixation methods, 391 
alveolar process fracture, 391 
bilateral horizontal fracture, 394 
edentulous jaws, 399 
partial fracture, 391 
surgical anatomy, 389 
treatment, 391 
Maximow, 164 
Maxwell, 863 
Maxwell-Ruth treatment in hip fractures, 863 
McBurney and Porter, 594 
McCarthy, H. F., 106 
McKibben and Weeds, 426 
McMurrich and Sobotta, 464, 465, 752 
McNealy, R. W., 759, 774 
McNealy, R. W. and Lichtenstein, M. E., 759, 
760, 761, 762, 763, 764 
McWilliams, 1179 
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Measurement of joint function, 17 
Median nerve injury in fractures of humerus, 
781 
in fracture of radius, 782, 798 
Mediastinal flutter in fracture of rib, 534, 536 
Medicolegal relations, 1180 
basis for malpractice suits, 1182 
ten commandments for treatment, 1182 
Meningeal artery, middle, 423 
Meninges, 421 
Meningitis complicating head injuries, 442 
Mennell, J. B., 152, 154, 156, 157 
Mental changes following head injuries, 445 
irritability in head injuries, 437 
Metabolic changes in bone, 166 
Metacarpals, fractures of, 759, 763, 764 
anatomical and physiological considera- 
tions, 759 
bone grafting in, 1060 
deformities from, correction, 764 
epiphyseal, 115 
symptoms, 764 
treatment, 766 
Metal splint in mandibular fracture, 372, 377 
Metallic material, removal of, 296 
Metastatic malignancy, fractures in, 206, 226, 
Q27 
Metatarsal bones, fractures of, 1042 
Metz and Lounsbury, 1104, 1105, 1106, 1107 
Meyer and Lucke, 530 
Meyerding, 655, 657, 665 
Meyers, 870 
Micturition, involuntary, in head injuries, 437 
Milch, 96, 98 
Miller, 427 
Miller, E. M., 792, 793, 794, 795, 796, 797 
Miller, Richard, 240 
Miller’s operation for late ulnar nerve paralysis 
in fracture of elbow, 795, 796 
Miller, E. M. and Lewis, Dean, 780, 781,791, 794 
Milles and Hurwitz, 453 
Milligan and Waring, 1113, 1114, 1123, 1145 
Mitchell, A. P., 1060, 1061, 1115, 1118, 1119, 
1122, 1123, 1145, 1160, 1167 
method of bone grafting, 1160 
Mitchell and Peacock, 545 
Mister, S. J. and Osgood, R. B., 503 
Mixter, W. J., 512, 516, 543 
Mister, W. J. and Ayer, J. B., 528 
Mixter, W. J. and Barr, J. S., 528 
Mobile traction, methods of, 31 
Mobilization, 152, 154 
Monks, 530, 604 
Monro-Kellie doctrine, 426 
Moody, 441 
Moore, 843, 844, 846, 847 
frog plaster in fractures of hip, 860 
method of nail fixation in fractures of hip, 844 
Moorehead, 921 
Moorhead, 841 
Moriarty, 373, 383, 397 
Morison, R. S., Freeman, N. E. and Sawyer, 
M. E. M., 258 
Morphine as preanesthetic sedative, 280 
Morrison, 665 
overhead frame, 908 
Morrison and Cotton, 723 
Mosher, 411 
nasal splint, 404, 405 
reduction of simple fracture of nose, 404 
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Mouchet, Albert, 669, 795 
Movement in treatment, 153 
active, 156 
forced, 156 
passive, 153, 155 
relaxed, 153 
voluntary, 156 
Miiller, 750, 812 
Multiple myeloma, 205, 233 
Mumford, 870 
Munro, 517, 519 
tidal drainage in cord bladder, 517 
Murphy, J. B., 653, 665, 1056, 1057 
Murray, 36, 183, 758, 759, 1026 
pattern for Thomas arm splint, 37 
traction arm splint, hinged, 571 
Muscle interposition as cause of nonunion, 1118 
strain in fractures of jaws, 356, 365 
Musculature of hand, 760 
Musculospiral nerve, injury of, in fractures of 
humerus, 603, 781 
paralysis, in fracture of humerus, 603, 782— 
792 
indications for operation, 787 
primary form, 782, 790 
secondary form, 782, 790 
protection, in approach to humerus, 325 
in approach to radius, 336 
in exposure of ulna, 339 
Musebeck, G. E., 1028 
Myeloma, multiple, 205, 233 
Myelomeningocele, fracture in, 211 
Myositis ossificans, 799 





Nats, use of, for direct fixation, 298, 301 
for traction, 39, 42 
in fractures of elbow, 1054 
of hip, 843 
Nasal bones, fractures of, 400 
anatomical considerations, 400 
complications, 406 
nasal septum in, 402 
symptoms and diagnosis, 403 
treatment, 403 
comminuted fracture, 405 
simple fracture, 404 
Nasal septum, deviation of, 403, 404 
dislocation of, 402 
Navicular bone, fractures of, 749 
Neck, broken, 486 
first aid and transportation, 121 
movements of, measuring and recording, 19 
rigidity of, in head injuries, 437 
Nélaton’s line, 818 
Nerve injuries associated with fractures, 779 
Neuhof, Harold, 1134, 1135, 1136, 1139, 1144, 
1154, 1157 
Neuhof and Wolf, 644, 648 
Neurological symptoms complicating fracture 
of vertebra, 509 
Neuroses, posttraumatic, in head injuries, 445 
Nicolaysen, 843 
Nifong, 820, 874, 875, 883, 896 
Nifong and Allis, 835 
Nifong and Preston, 858 
Nitrous oxide anesthesia, 280 
Nolan and Conwell, 808, 814 
Nonoperative treatment, factors underlying, 30 
principles of, 259 
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Nonunion, 182 

causes of, 1116, 1126 

clinical factors in, 1127 

common situations, 1113 

condition of bone fragments in, 1123 

conditions predisposing to, 1116 

diagnosis, 1112 

following plating, 307, 1117 

in fractures of hip, 838, 1060, 1062 

in mandibular fracture, 388, 1172 

prevention, 1132 

record of cases, 1115 

symptoms and signs, 1115 

treatment by bone grafting, 1134, 1137 

without bone grafting, 1125 

types, 1116 

with infection, bone grafting in, 1139 

without infection, bone grafting in, 1137 
Nose, bleeding from, in brain injury, 439 

fractures of. See Nasal bones. 
Novocain for regional anesthesia, 285 
Nucleus pulposus, 522 

prolapse of, into vertebral body, 523 
peripherally, with injury to annulus 
lamellosus, 526 


OBTURATOR herve injury in fractures of ace- 
tabulum, 815 
Ochsner, 646 
Odontoid process, fracture of, 509 
Oldberg, Eric, 513 
Olecranon, fractures of, 628, 705, 1055 
epiphyseal, 77 
symptoms, 706 
treatment, 706 
after-care, 711 
if fracture is open, 711 
operative, 714, 1055 
skeletal traction through, 41 
surgical approaches to, 337 
Oliver’s method of interdental wiring, 375 
Ollier, 1134, 1151 
O'Meara, John, 94, 843 
Open fractures, 235. Seealso Compound fractures. 
Operations, open. See Operative treatment. 
Operative treatment, 259 
fixation of fragments, methods, 289 
fractures likely to require, 1102 
general matters, 267, 268 
gloves of surgeon, 1155 
indications for, 261 
instruments and their handling, 268 
position of limb, 268 
principles of, 259, 260 
qualifications of surgeon for, 265 
skin preparation, 267, 1154 
spectators, 268 
splints, postoperative, 268 
sterilization of materials, 268 
of surgeon’s hands, 1155 
technic, 269 
application of dressing, 276 
of steel plate, 274 
approximation of fragments, 272 
care of soft parts and wound, 275 
delivery of bone, 271 
drainage contraindicated, 276 
drilling of holes for screws, 275 
fear on part of patient, 270 
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Operative treatment, technic, incision, 269 
inspection of operative site, 275 
introduction of screws, 275 
knee joint flexion splint, 277 
loss of heat, prevention, 270 
position of lower extremity, 277 

of patient, 270 

postoperative care, 278 
protection of skin edges of wound, 269 
roughness in handling tissues, 270 
sponges, 272 
sterile coverings, 270 

traction and countertraction, 268 

Orr, H. W., 873 
method of reduction in fractures of femoral 

shaft, 893 

Os calcis, fractures of, 1027 
diagnosis, 1031 
epiphyseal, 113 
open, 1042 
treatment, 1031 

after-care, 1036 
operative, 1111 
for correction of deformity, 1040 
preliminary, 1031 
reduction and fixation, 1033 
salient angle, 1030 
skeletal traction to, 41 

Osgood, 33, 965 

Osgood, R. B. and Mixter, S. J., 503 

Osgood-Penhallow humerus splint, 613 

O’Shea, 603 

Ossification of epiphyses, 68, 69 

premature, after epiphyseal injury, 65, 66 
after fracture of proximal humeral ep- 

iphysis, 82 
in fracture of distal tibial epiphysis, 87 
Osteitis after plating, 308 

deformans, 215 
sarcoma in, 217 

fibrosa cystica, generalized, 191, 212 

of skull complicating head injuries, 444 

Osteoblasts, 162 

Osteochondroma, fracture in, 225 

Osteocytes, 164 

Osteogenesis imperfecta, 205, 209 

Osteogenic sarcoma, 230, 799 

osteolytic type, 230, 231 
sclerosing type, 230, 231 
telangiectatic type, 231 

Osteomalacia, 199, 212 

symptoms, 199 
treatment, 199 

Osteomyelitis, pyogenic, fracture in, 215 

Osteoperiosteal graft, 1151 

Osteopetrosis, 206 

Osteoporosis, 210 

due to pituitary adenoma, 202 

to suprarenocortical tumor, 203 
of disuse or inactivity, 202 
of hyperthyroidism, 202 
posttraumatic, 715, 1044 
senile, 200 
treatment, 1045 

Osteosclerosis fragilis generalisata, 206 

Osteosynthesis, operation for, 1171 

Osteotomy, types of, for varus deformity, 88 

Otorrhea of cerebrospinal fluid, 439 

Overpull in fractures of shafts of long bones, 

46 
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PaccuHrioniAn bodies, 421 
Pachymeningitis haemorrhagica interna, 431 
Paget’s disease of bone, 203, 215 
distinguished from hyperparathyroid- 
ism, 203 , 
fractures in, 204 
Pain in fracture-dislocation of cervical verte- 
brae, 492 
in production of shock, 255 
Painter, 212, 213, 216, 1042 
Panas, 792 
Pancoast and Fay, 447 
Paralysis in birth fractures, 49, 59 
in brain injuries, 437, 438, 446 
in fractures of humerus, 603, 781, 792 
of vertebrae, 467, 493, 509 
ischemic, of leg simulating Volkmann’s con- 
tracture, 661 
peripheral nerves, following fracture, 780 
persistent or permanent, following head in- 
juries, 446 
Volkmann-Lesser, 653 
Parathyroid hormone, decalcification due to, 
170 
hyperplasia, functional, 188 
tumor, 188 
Parham-Martin band, 292 
Parker, C. H. and Dunlop, J., 507 
Parsons, C. L. and Taylor, G. W., 720, 721 
Passive movement in treatment, 153, 155 
of fractures of humerus, 616 
Patella, anomaly of, 941 
fractures of, 938 
anatomical considerations, 938 
closed type, recent, operation in, 956 
first aid and transportation, 126 
longitudinal, 939 
old, operative treatment, 1085 
open type, 951 
prognosis, 952 
removable splints, 145, 146 
symptoms, 941 
tear and blow types, 939 
treatment, 942 
emergency, 126 
limitation and removal of effusion, 942 
maintenance of reduction, 946 
operative, 956, 1083 
absorbable sutures, 1090 
fascia lata sutures, 1090, 1093 
mediate sutures, 1094 
wiring, 1088, 1092 
plaster of Paris splints, 139, 140 
reduction of fragments, 943 
restoration of joint function, 949 
results, 954 
summary of nonoperative method, 949 
x-ray examination, 939 
Pathological fractures, 208 
diseases causing, 208-234 
of mandible, 358 
social and medicolegal aspects, 234 
Patient and physician, legal relations, 1180 
Patient’s general condition, 253 
Paul, 915, 1005 
Paul and Scudder, 782 
Peacock and Mitchell, 545 
Pearson, 876, 878, 881 
= flexion splint with Thomas splint, 34, 
7 
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Pearson and Drummond, 873, 901, 902, 903, 
911, 1064, 1065, 1066 
Pedicled graft in fractures of mandible, 1175 
Peet, 814, 817 
Pegs, intramedullary, 296, 1147 
Pelvis, fractures of, 805 
acetabulum, floor of, 814 
after-care, 814 
examination, 805 
first aid and transportation, 121 
ilium, 806 
Malgaigne’s, 809, 810 
peroneal nerve injury with footdrop, 813 
prognosis, 813 
pubic portion of pelvic ring, 806 
rupture of bladder in, 810 
of urethra in, 809 
treatment, 807 
hammock suspension, 807, 808 
swathe, 807, 808 
visceral lesions in, 808 
Penhallow and Osgood, 613 
Percussion test in fractures of carpal scaphoid, 
751 
Periosteum, function of, in bone repair, 1120 
in bone transplantation, 1134 
Peripheral circulation in shock, 254 
Peripheral nerve injuries associated with frac- 
tures, 779 
classification, 779 
median nerve, 781 
musculospiral nerve, 781, 782-792 
indications for operation, 787 
ulnar nerve, 781 
late, 792 
Peroneal nerve injury in fractures of pelvis, 813 
Personality changes following head injuries, 445 
Petersen, 1127, 1128, 1129, 1130 
Petrow, 1134 
Petty, 941 
Phalanges, epiphyseal fractures, 114 
of foot, fractures of, 1043 
of hand, fractures of, 759, 773 
anatomical and physiological considera- 
tions, 759 
deformities from, correction, 764 
distal phalanx, 761 
middle phalanx, 761 
open, 777 
proximal phalanx, 763 
symptoms, 774 
treatment, 775 
Phemister, 1094, 1095, 1096, 1128 
old ununited fractures of patella, 1094 
Phosphatase in calcification, 160, 163 
Phosphorus and calcium content of blood serum 
as factor in nonunion, 1127 
intake and excretion, factors influencing, 168 
metabolism, 166 
in hyperparathyroidism, 188 
in osteomalacia, 199 
Physician and patient, legal relations, 1180 
Physiological decompression in head injuries, 
453 
Piersol, 896 
Pilcher, 148, 800, 801 
Pin traction, 39, 42 
removal of pin, 44 
Piotti and Davis, 355, 357 
Pituitary adenoma, osteoporosis due to, 202 


76 
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Plaques jaunes, 430 
Plaster bed, Schanz, in birth fractures, 57, 58 
Plaster of Paris, employment of, 127 
application of bandage, 130 
in ambulatory treatment, 148 
removal of plaster splint, 139 
rolling the plaster bandage, 127 
windows for dressing wound, 142 
jacket, in fracture-dislocation of cervical 
spine, 500 
in fractures of vertebrae, 473 
shells, in fracture-dislocation of cervical 
spine, 501 
in fractures of vertebrae, 473 
spica, in fracture of thumb, 772 
splint, Delbet’s, 1000 
in fracture of ankle, 1017 
of both bones of forearm, 687—690, 695 
of clavicle, 554 
of femoral shaft, 894 
of hip, 852 
of humerus, shaft, 616 
upper end, 584 
of leg, 977, 990, 1004 
for traction, 989, 993 
of os calcis, 1036, 1037 
traction apparatus in fractures of femoral 
shaft, 904 
Plates, ivory, 316 
steel, application of, 274 
as cause of nonunion, 307, 1117 
inspection of, for defects in construction, 
304 
removal of, 311 
tolerance of, 313 
use of, for direct fixation, 301 
disadvantages following, 307 
Plating in fractures of mandible, 1173 
Platt, Harry, 798 
Pneumocele, intracranial, 433 
Pneumocephalus, 433 
chronic, after head injury, 446 
Pneumocerebrum, 433 
Pneumography, cerebral, in head injuries, 447 
Pneumonia after severe injuries, 257 
hypostatic, complicating head injuries, 442 
Pneumothorax, tension, in fracture of rib, 535, 
537 
Poe, 279 
Poland, 79, 635 
Policard and Leriche, 308 
Pommer, 202 
Pool, 738, 741 
Porter, C. B., 592, 593, 668, 669 
Porter, W. T., 236 
Porter and McBurney, 594 
Porter, Scudder and Holmes, 433 
Posadas-Chutro fracture, 634 
Postoperative care, 278 
Potherat, 795 
Pott’s fracture, 1009 
old, operative treatment, 1099 
open, 1026 
Pouliquen hitch, 880 
Preanesthetic medication, 279 
Pressure in production of Volkmann’s contrac- 
ture, 655, 661 
Preston and Nifong, 858 
Principles of nonoperative and operative treat- 
ment, 259 
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Pronator radii teres muscle, fracture of forearm 
in relation to, 681 

Pubic bone, fractures of, 806 

Pulley traction manipulation in reduction of 
cervical fracture-dislocation, 498 

Pulse rate in head injuries, 435 

Punch drunk, 447 

Pupillary signs of brain injury, 438 

Putnam and Cushing, 431 


QUALIFICATIONS of surgeon for operative treat- 
ment of fractures, 265 

Quimby, 653, 955 

Quinoformol solution for disinfecting gas gan- 
grenous wounds, 802 


Rap1au epiphysis, distal, fracture of, 69, 678 
differentiated from Colles’ fracture, 
678, 732 
treatment, 679, 696 
proximal, fractures of, 78 
Radial nerve, paralysis of, in birth fractures of 
humerus, 49 
protection of, in approach to radius, 336 
to ulna, 339 
Radius and ulna, dislocation of, backward, 623, 
626 
treatment, 644 
fractures of, 666 
incomplete or greenstick, 667 
treatment, 704 
nonunion in, 1114, 1166 
sites and symptoms, 666 
treatment, 683 
bone grafting, 1166 
complicated cases, 686 
direct leverage of fragment, 701 
duration of splinting, 700 
Magnuson’s method, 686, 687 
operative, 1103 
plaster of Paris splints, 687-690 
prognosis and result, 703 
sugar-tong splint, 686 
wooden and tin splints, 690-695 
Radius, fractures of, 666 
head and neck, 628, 667 
diagnosis, 668 
etiology, 667 
prognosis, 671 
treatment, 644, 673 
lower end, 716, 1058. 
fracture. 
shaft, 674 
treatment, 696 
summary, 704 
Radius, separation of lower epiphysis, 69, 678, 
696, 732 
of upper epiphysis, 78 
subluxation of head, 627 
surgical approaches to, 332 
head and neck, 335 
middle part, 335 
radial nerve, protection of, 336 
upper end, 335 
Radzimowsky, 1134 
Rand, 429 
Rand and Courville, 429, 430, 432 
Ransohoff ice tongs, 39 


See also Colles’ 
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Readjustments, frequent, as cause of nonunion, 
1122 
Recklinghausen’s disease of bone, 187, 191, 212 
Reduction of fractures under fluoroscopic con- 
trol, 28 
Reflexes in brain injury, 438 
Regional anesthesia, 285, 286 
Renal calculi in hyperparathyroidism, 191 
Repair of bone fractures, 171 
failure to heal, 181, 182 
in presence of encircling bands, 296 
origin of calcium and phosphorus, 181 
Respiration in head injuries, 436 
Retention splint in mandibular fracture, 372 
in maxillary fracture, 392 
Rhinorrhea of cerebrospinal fluid in brain in- 
jury, 439 
Ribs, fractures of, 529 
anatomical considerations, 529 
by muscular action, 537 
complications and sequelae, 529 
emphysema in, 529, 532, 536 
hemothorax in, 533, 534, 536 
intercostal artery, rupture of, 535 
lung injury in, 535 
mediastinal flutter in, 534, 536 
symptoms, 529 
tension pneumothorax in, 535, 537 
treatment, 531 
after-, 532 
immobilization, 531, 532 
Richards, T. K., 111, 112 
Richardson and Brook, 537 
Rickets, fracture in, 212 
healing of, 200 
Rider and Smith, 776, 777, 778 
Riethus, 786 
Risks in fluoroscopy, 28 
Rixford, 962 
Roberts, 148, 594 
Roberts, S. M. and Cave, E. F., method for 
measuring and recording joint function, 17 
Robertson, O. H. and Bock, A. V., 258 
Robertson and Gallie, 1134 
Robinson, 554, 771, 772 
splint for Bennett’s fracture, 772 
Robinson, J. M. and Hampton, A. O., 528 
Robison, 160, 181 
Roentgen control in reduction of fractures, 28 
examination in Colles’ fracture, 722 
in compound fracture, 236 
in fractures of carpal scaphoid, 759 
of humerus, upper end, 570 
of malar bone, 411 
of mandible, 360 
of os calcis, 1031 
of patella, 939 
of vertebral column, 468 
in fracture-dislocation of cervical verte- 
brae, 493 
in head injuries, 440 
in hyperparathyroidism, 192 
in injuries of shoulder, 570 
in myositis ossificans, 799 
in musculospiral nerve paralysis, 787 
Roentgenologist, fluoroscopic equipment se- 
lected by, 28 
Rogers, W. A., 507, 523 
vertebral fractures and dislocations, 460 
flexible frame reduction, 479 
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Rottenstein, G., 1148, 1149 
Round and Billington, 1101, 1177 
Roux-Lane’s staple, 299 
Row, Subba and Fiske, 188 
Royster, 550 
ube bands, use of, in mandibular fracture, 
Rubber gloves, 1155 
Ruggles and Holmes, 232 
Russell extension in fractures of femoral shaft, 
907 
in children, 928 
Ryden, A., 57 
Ryerson, E. W. and Christopher, F., 503 


Sacrum, fractures of, 805 
St. John and Whipple, 684, 685, 686 
Salient angle of os calcis, 1030 
Santee, H. E., 587, 912 
Sarcoma, Ewing’s, 232 
giant cell, 221 
osteogenic, 230, 799 
Saunders and Abbott, 744, 798 
Sawyer, M. E. M., Freeman, N. E. and 
Morison, R. S., 258 
Sayre dressing, modified, in fractures of clavicle, 
552, 555 
Sealp injuries in intracranial injury, 439 
pathology, 426 
treatment, 450 
Seaphoid bone, carpal, fractures of, 749 
avulsion, 749 
Codman’s method of taking x-ray, 759 
compression, 749 
pathology and symptoms, 751 
treatment, 755 
operative, 757, 759 
tarsal, fractures of, 1042 
Scapula, fractures of, 557 
acromion, 557, 562 
body, 557 
initial care and transportation, 119 
neck, 558 
treatment, 562 
Schaffer, S., Freeman, N. E., Schecter, A. and 
Holling, H. E., 257 
Schanz plaster bed in birth fractures, 57, 58 
Schecter, A., Freeman, N. E., Schaffer, S. and 
Holling, H. E., 257 
Schedd’s staple, 299 
Schmorl, 203, 204, 521, 525, 526 
Schmorl, G. and Junghanns, H., 527 
Schiiller-Christian’s disease, bones in, 206 
Schultze and Stewart, 530 
Screws, beef bone, 1163 
drilling holes for, 275 
inspection of, for defects in construction, 304 
introduction of, 275 
ivory, 320 
use of, in direct fixation, 298, 299, 300, 
301 
Scudder, 979 
lateral pressure clamp, 263 
patella clamp, 1086 
Scudder and Paul, 782 
Scudder, Porter and Holmes, 433 
Scurvy, 200 
fracture in, 211 
Semiconsciousness following head injury, 435 
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Semilunar bone, fracture of, 749 
in Kienbéck’s disease, 750 
Senile osteoporosis, 202 
Sepsis after plating, 308 
following fractures of jaws, 363 
of patella, 957 
following skeletal traction, 45 
Septum, nasal, fractures of, 402 
Sequelae of head injuries, 444 
Sever, 96, 587 
Shafer and Glaser, 445 
Shaw, J. L., Freeman, N. E. and Snyder, J. V., 
257, 
Shells, plaster of Paris, in fracture-dislocation of 
cervical spine, 501 
in fractures of vertebrae, 473 
Sherman, 242, 268, 270, 274, 275, 276, 304, 307, 
1076, 1077 
method of postoperative care in Thomas 
splint in fracture of femoral shaft, 1075 
screw holder and driver, 301 
tap screws, 298, 302, 304 
treatment of compound fracture, 252 
vanadium steel plates, 301, 302 
Sherren, 795 
Shock in compound fracture, 236 
treatment, 236 
traumatic, 253 
complications, 257 
in head injuries, 434 
treatment, 450 
loss of blood volume as factor, 254 
treatment, 255 
time factor in, 255, 256 
traumatic stimuli as factors, 255 
Shock-proof roentgenographic equipment, 28 
Short-Desault traction splint for leg fracture, 
993 
Shoulder cap, plaster of Paris, 128, 129 
Shoulder, contusion of, 571 
excision of, for fracture and dislocation, in- 
dications and results, 595 
injuries of, diagnosis, 570 
examination, 564 
in children, 580 
movements of, measuring and recording, 20 
surgical: approaches to, 325 
Silver-fork deformity in Colles’ fracture, 726 
Silverman’s method of interdental wiring, 376 
Simmons and Codman, 222 
Simmons, Greenough and Harmer, 223 
Sinclair foot board, 35, 874 
glue extension in fractures of femoral shaft, 
890 
“skate,” 983, 984 
Singer, Graham and Ballou, 532, 537 
Sinuses, venous, of skull, 424 
Siris and Burdick, 924, 928 
Siris and Delaney, 928 
Skeletal traction, 39 
advantages of, 45 
care of fracture after removal, 45 
dressing for, 43 
duration of, 44 
in fractures of femoral shaft, 897, 898 
in children, 932 
in reduction of cervical fracture-disloca- 
tion, 499 
instruments employed, 39 
objections to, 45 
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Skeletal traction, operation of applying, 42 
places for application of, 39 
removal of pin and caliper, 44 
subsequent course of skin wounds, 44 
weight necessary, 43 
Skill of surgeon, 1180 
Skillern, P. G., 1043, 1044 
Skin, sterilization of, for open operation, 267 
in bone grafting, 1154 
in compound fracture, 240, 241 
traction, 30 
Skinner, 971 
Skull, contents of, anatomic considerations, 421 
volume relationships, 426 
fractures of, 416 
birth, 59 
brain injuries in, 427, 428 
diagnosis, 442 
differential diagnosis, 447 
histopathology, 429 
prognosis, 448 
signs and symptoms, 434, 441 
treatment, 449 
classification, 418 
complications, 442 
compound, depressed and nondepressed, 
treatment, 457 
initial care, 118 
mechanics of, 417 
old depressed, 446 
penetrating, 419 
sequelae or late effects, 444 
signs and symptoms, 434, 441 
special procedures and examinations, 439 
treatment, 452, 455 
drainage of spinal fluid, 455 
operative, 456, 457 
physiological decompression, 453 
subtemporal decompression, 458, 459 
osteitis of, complicating head injuries, 444 
venous sinuses of, 424 
Sliding bone graft, 1149 
Smith’s anterior wire suspensory apparatus, 987 
bone clamp, 1153 
Smith, M. K., 609, 610, 679 
Smith, J. A. and Homans, 696 
Smith and Jones, 636 
Smith and Rider, 776, 777, 778 
Smith, Greene, and Wright, 422, 423, 427, 431 
Smith-Petersen, M. N., 807, 843 
nail fixation in fractures of hip, 843 
supra-articular subperiosteal approach to hip 
joint, 342 
Snyder, J. C., Freeman, N. E. and Shaw, J. L., 
Q57 
Sobotta and McMurrich, 464, 465, 752 
Sodium amytal as general anesthetic, 284 
evipal, as general anesthetic, 284 
as preanesthetic sedative, 280 
Soto-Hall and Haldeman, 755, 756 
Soutter, 865, 866, 867 
traction apparatus in fractures of femoral 
shaft, 909, 910, 911 
Sowles, 563 
Spalteholz, 323 
Spectators at operation, 268 
Speed, 751, 753, 837, 838, 1012, 1125 
Speed and Campbell, 922 
Spikes for direct fixation, 299, 300 
Spiller, 513 
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Spinal anesthesia, 285 F 
Spinal cord, changes in, after fracture of spine, 
514 
injury, in fracture of vertebrae, 509 
symptoms, 467 
treatment, 509 
signs of, in fracture of cervical vertebrae, 
493 
in fractures of dorsal and lumbar 
vertebrae, 467 
test for, in emergency, 120 
Spinal fluid, drainage of, 455 ; 
pressure determinations, in head injuries, 
440 
red cell counts, in head injuries, 440 
Spine. See also Vertebrae. 
movements of, measuring and recording, 17 
Spinous processes of vertebrae, isolated, frac- 
tures of, 505 
Splint, arm, aeroplane, Cleary modification, 586 
coaptation, for humerus, 611 
Jones, 36 
for traction in fracture of humerus, 591, 
607, 608 
Murray, hinged, for traction, 571 
Osgood-Penhallow, 613 
plaster of Paris, in fractures of both bones 
of forearm, 687-690, 695 
of humerus, shaft, 616 
upper end, 584, 585 
Thomas, for transport, 36 
in fractures of forearm, 693, 694 
Murray pattern, 37 
traction, 571 
Bradford, in fracture of hip, 865, 866 
clavicle, plaster of Paris, 554 
cock-up, for drop wrist, 754, 757 
finger, 770-774 
forearm, plaster of Paris, 687-690, 695 
sugar-tong, 685 
wooden and tin, 690-692 
Gunning, 382, 383 
ham, plaster of Paris, 143 
hip traction, Taylor, in fracture of femoral 
shaft, 919, 920 
intermaxillary, 380, 382, 383 
knee flexion, Leland, 277 
Pearson, 34, 37 
knee, Thomas, for ambulatory treatment, 149 
leg, Blake-Keller, 33 
Cabot posterior wire, 32, 1019 
Dupuytren, 1018 
Hodgen, 873, 874, 875 
for transport, 881, 883 
Jones, 33 
plaster of Paris, 136-145 
in ambulatory treatment, 148 
Short-Desault, 993 
Thomas, 873 
for transport, 122 881, 883 
in fixed traction, 32 
in fractures of femoral shaft, 899 
in children, 932 
in weight traction, 36 
knee flexion attachment, 908 
walking caliper, 915, 918, 919, 925 
mandibular, metal, 372 
retention, 372 
vulcanite, 372, 383 
wire, 368, 377 
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Splint, Marshall, 397, 398 
maxillary, metal, 392 
retention, 392 
nasal, Mosher, 404, 405 
plaster of Paris, 127 
in ambulatory treatment, 148 
selection of, for a fracture, 617 
thumb, 772, 776 
traction, for transport, 122, 881, 883 
Whitman, in fracture of hip, 852 
wrist, wooden, for Colles’ fracture, 738 
Spondylolisthesis, 506 
Sponges, care of, at open operation, 272 
Sprain of wrist, 731 
Spur, volar, 763 
Stanley, 293 
Stanley, E. G. and Gatellier, Jean, 294, 296 
Staples for direct fixation, 299, 300 
Starr, 870 
Stave of thumb, 766 
Steel bands, for fixation of fragments, 291, 292 
removal of, 296 
repair of fracture in presence of, 296 
Steel plates, application of, 274 
as cause of nonunion, 307, 1117 
inspection of, for defects in construction, 
304 
removal of, 311 
tolerance of, 313 
use of, for direct fixation, 301 
disadvantages following, 307 
Steinman nail traction, 39, 43 
Sterilization of ivory plates, nails and screws, 
O21 
of materials for open operation, 268 
of skin for open operation, 267, 1154 
in compound fracture, 240 
of surgeon’s hands, 1155 
of wound in compound fracture, 241, 242, 243 
Sternum, fractures of, 539 
treatment, 540 
operative, 541 
Steward, J. A., 536, 537 
Stewart and Schultze, 530 
Stille-Sherman bone drill, 301 
Stimson, 1017 
operation for fractured patella, 1094 
plaster of Paris splints in fracture of ankle, 
1017 
in fracture of leg, 1004 
Stirrup, Finichetti, 39 
Stone, J. S., 580 
Stookey, Byron, 120 
Subarachnoid space, 421 
Subcoracoid dislocation of humeral head, 572 
Subcortical hemorrhage, 429 
Subdural hematoma, 446 
chronic, 431 
hemorrhage, 431 
Subperiosteal fracture of upper end of humerus 
in children, 580 
Subtemporal decompression in head injuries, 
458, 459 
Sucrose administration in head injuries, 453 
Sudeck, 1044 
Sudeck and Hermann, 716 
Sugar-tong splint in fractures of both bones of 
forearm, 685 
Supracondylar fracture of femur, 878, 907, 912, 
917 
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Supracondylar fracture of humerus, 631 
transverse, 641 
Volkmann’s contracture following, 653 
Surgeon, legal relations with patient, 1180 
qualifications for operative treatment of 
fractures, 265 
Surgical approaches to bones, 322 
risk, 254 
shock, 253. See also Shock, traumatic. 
Suspension of fractured limb, 884 
Sutro, C. J., 673 
Sutures, cranial, 417 
Swathe, use of, in fractures of pelvis, 807, 
808 
Swift, 450 
Symphysis pubis, fractures of, 805 
Syphilis, bone, fracture in, 215 
neuropathic, fracture in, 210 
Syringomyelia, fracture in, 210 


Tapes dorsalis, fracture in, 210 
Tarsal bones, fracture of, 1027, 1042 
Taylor, 460, 508, 513 
brace, 475 
hip traction splint in fracture of femoral 
shaft, 919, 920 
method of reducing fracture-dislocation of 
cervical vertebrae, 497 
Taylor, G. W. and Parsons, C. L., 720, 721 
Teeth, arrangement of, in relation to man- 
dibular fracture, 355 
Temperature in head injuries, 436 
Temporomandibular joint, 355 
Tetanus prophylaxis in open fracture, 239 
Tetany, postoperative, in hyperparathyroidism, 
196 
treatment, 197 
Thoma, K. H. and Kazanjian, V. H., facial bone 
fractures, 354 
Thomas, 147, 511, 653, 665, 671, 672 
arm splint in fracture of forearm, 693, 694 
Murray pattern, 37 
for transport, 36 
traction, 571 
collar, 502 
knee splint for ambulatory treatment, 149 
leg splint, 32, 873 
application of, 35 
for extension, 35 
by weight traction, 36 
choice of, 35 
for transport, 122, 881 
in fixed traction, 32 
child’s size, 33 
in fractures of femoral shaft, 899 
in children, 932 
postoperative care, 1075 
in weight traction, 36 
knee flexion attachment, 34, 37, 908 
Sinclair foot board with, 35 
slinging of limb in, 35 
suspending of, 35 
tying traction bands to, 35 
walking caliper splint, 915, 918, 919 
for child, 925 
Thompson, 39, 40, 322, 329, 337, 351, 353, 1010, 
1054, 1055 
Thomson, 122, 123, 124, 125, 701, 1109, 1110, 
1111 
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Thomson’s method for direct leverage of frag- 
ments in fracture of forearm, 701, 1108 
Thorndike, Augustus, birth fractures, 47 
Thorndike and Cutler, 932 
Thorndike and Garrey, 127 
Thornton, 843 
Throat, bleeding from, in brain injury, 439 
Thrombosis in fractures of leg, 1007 
Thumb, Bennett’s fracture of, 772, 776 
movements of, measuring and recording, 
23 
phalangeal fractures of, 777 
splints, 772, 776 
Tibia and fibula, fractures of, 961. 
Leg, fractures of. 
birth fractures, 59, 60 
fractures of, nonunion in, 1115 
bone grafting for, 1167 
lateral masses, skeletal traction to, 41 
shaft, upper end, skeletal traction to, 40 
surgical approaches to, 353 
traction apparatus, Jones’, 991, 992 
Tibial condyles, fractures of, 971 
epiphysis, distal, fractures of, 83 
displacement, 84 
operative correction, 88 
premature ossification and_ shorten- 
ing, 87 
reduction, 85 
proximal, fractures of, 88 
starting of, 963 
spine, fracture of, 965 
tubercle, injury to, 963 
Tidal drainage in cord bladder, 517 
Todd, 750 
Tong traction in reduction of cervical fracture- 
dislocation, 499 
Torsion fractures of leg, 962 
Tourniquet for control of hemorrhage, 118 
removal of, in production of shock, 256 
Towel clips for operative wound, 270 
Traction, balanced, in fractures of femoral 
shaft, 890 
caliper, 39, 42 
fixed, methods of, 31, 32 
for reduction of cervical fracture-dislocation, 
498 
Hodgen principle, 31 
in fracture of leg, 989, 990, 991 
of neck of femur, 863 
of shaft of femur, 890, 898, 904, 909, 
916 
in open operation, 268 
mobile, methods of, 31 
nail, 39, 43 
pin, 39, 42 
skeletal. 
skin, 30 
splint for transport, 122, 881, 883 
Thomas principle, 31 
too great, as cause of nonunion, 1117 
treatment, factors underlying, 30 
weight, methods of, 31, 36 
wire, 39, 42 
Transportation, 116 
improper, dangers of, 116 
in back and neck injuries, 120 
in fractures of femoral shaft, 881 
in production of shock, 256 
proper, advantages of, 116 


See also 


See Skeletal traction. 
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Transverse processes of vertebrae, fractures of, 
504 
Trapezium, fractures of, 751 
Traumatic cerebral compression, 432 
cerebral edema, 432 
delirium, 435 
epilepsy, 445 
lipemia, 802 
shock, 253 
in head injuries, 434, 450 
treatment, 450 
stimuli in production of shock, 255 
Treatment, ambulatory, 147 
emergency, 116 
operative, 259 
ten commandments for, 1182 
Trochanter, lesser, epiphyseal fracture, 112 
Trochlear epiphysis, fractures of, 104 
Troell, 666 
Trotter, 427 
Truesdell, 50-56, 60 
Truesdell and Ehrenfest, 47 
Tumors, bone, 221, 225, 229, 230, 232, 233 
giant cell, 221 
solitary benign, osteoporosis due to, 205 
pituitary, osteoporosis due to, 202 
suprarenocortical, osteoporosis due to, 203 
Twenly, Kosmah and Kerr, 60 


Uucer, decubitus. See Bed sore. 
in fracture of spine, treatment, 519 
Ulna, fractures of, 666 
coronoid process, 626, 649, 680 
treatment, 696 
olecranon process, 628, 705 
shaft, 649, 679 
treatment, 696 
summary, 704 
with Colles’ fracture, 734 
with separation of lower radial epiphysis, 
678 
surgical approaches to, 337 
anatomical facts, 337 
anterolateral incision, 339 
olecranon process, 337 
Ulnar epiphysis, distal, fractures of, 77 
Ulnar nerve, injury of, in Colles’ fracture, 747 
in fractures of humerus, 781 
paralysis of, early, in fracture of elbow, 
798 
late, in fracture of elbow, 792-798 
treatment, 795 
operative, 797 
protection of, in exposure of olecranon, 337 
Unconsciousness following head injury, 435 
Union, delayed, 182, 1112 
causes, 1126 
following plating, 307, 1117 
in mandibular fracture, 379 
treatment without bone grafting, 1125 
failure of, 182 
time of, in uncomplicated adult fracture, 
1112 
Ununited fractures, 182, 1112, 1125. See also 
Nonunion. 
Urethra, rupture of, in fractures of pelvis, 809 
Urinalysis in head injuries, 441 
Urinary incontinence in head injuries, 437 
infection in fracture of spine, 517, 519 


INDEX 


Van Lennep, 968 
Vance, 418, 427 
Varus deformity, osteotomy for, types, 88 
Venous sinuses of skull, 424 
Vertebrae, dislocation of, 460, 484 
cervical, 486 
classification, 491 
dorsal and lumbar, 461, 484 
in spondylolisthesis, 506 
period of fixation, 502 
recurrent, 503 
treatment, 494 
fracture-dislocations of, cervical, 486 
classification, 491 
clinical examination, 492 
etiology, 487 
long-standing and recurrent, 503 
pathology, 488 
symptoms and diagnosis, 492 
treatment, 494 
emergency, 494 
prereduction, 494 
reduction and fixation methods, 495 
lumbar and dorsal, 484 
with and without cord injury, 492, 493 
fractures of, 460 
articular processes, isolated, 506 
cervical, 486 
with neurological symptoms, treatment, 
514 
classification, 460 
dorsal and lumbar, 461 
complicating injuries, 469 
etiology, 461 
exercises in, 476 
fixation methods, 473, 478 
in Kiimmell’s disease, 482 
reduction, 470 
mechanics of, 470 
old unreduced, 483 
pathology, 462 
prereduction care, 470 
reduction, anesthesia for, 471 
methods of, 471, 478, 479 
time of, 470 
roentgen diagnosis, 468 
symptoms and diagnosis, 467 
treatment, 469 
with and without cord injury, 467 
with neurological symptoms, treat- 
ment, 514 
with serious complications, 479 
initial care and transportation, 119, 120, 469 
intervertebral disks, 521 
spinal cord injury, test for, 120 
spinous processes and Jaminae, isolated, 505 
transverse processes, 504 
with neurological symptoms, 509 
changes in spinal cord after, 514 
convalescent care, prolonged, 516 
examination, 513 
nursing care, 520 
treatment, 509 
nonoperative, 518 
of cord bladder, 517, 518 
of cystitis, 516 
operative, 512 
summary of, 516 
with reference to region of spine 
injured, 514 
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Vertebral epiphyses, 114 
Vertigo following head injuries, 445 
Virchow, 431 
Visceral lesions in fractures of pelvis, 808 
Vitamin D, influence on calcium and_ phos- 
phorus intake and excretion, 168, 169 
Volar spur, 763 
Volkmann’s contracture, 653 
conservative treatment, 663 
etiology, 653, 655 
fasciotomy for, 657 
impending danger, 656 
ischemic paralysis of leg simulating, 661 
pressure in production of, 655, 661 
prevention, 655 
summary and conclusions, 664 
ischemic contractures, 653 
paralysis, 653 
Volkmann-Lesser paralysis, 653 
Vomiting in head injuries, 437 
Von Recklinghausen’s disease of bone, 187, 191, 
212 
Von Winkel, 47 
Vulcanite rubber splint in mandibular fracture, 
372, 383 


WALKING caliper splint in fracture of femur, 915, 
918, 919, 920 
in children, 925 
Walmsley, 96 
Walton, G. L., 460, 508, 512 
manipulation in fracture-dislocation of cer- 
vical vertebrae, 495 
Walton, Churchill and Cope, 194 
Warbasse, 147 
Waring and Milligan, 1113, 1114, 11238, 1145 
Warren, 936 
Watson-Jones, 581, 589, 597, 598 
Weed, 453, 456, 459 
Weed-McKibben modification of Monro-Kellie 
doctrine, 426 
Weight traction, methods of, 31, 36 
Weil, 805, 806 
Welch, Claude, 230 
Wells, 1128 
Wescott, 843 
Whipple, 697 ; 
Whipple and St. John’s method of making 
sugar-tong splint, 685 
White, Renfrew, 1116 
Whitman, 821, 842, 852, 853, 854, 855, 861, 
1072, 1073 
abduction method in fracture of hip, 851, 
852, 856 
arthrodesis for ununited fracture of neck of 
femur, 1072, 1073 
Wilson, 98, 1060 
method of reduction in fracture of leg, 990 
Wilson, P. D., 872 
Wilson and Cochrane, 990, 991 
Wire, removal of, 296 
splint, Cabot’s, in fracture of ankle, 1019 
in fracture of hip and thigh, 933, 934 
of leg, 982 
in mandibular fracture, 368, 369, 377 
suspensory apparatus, Smith’s, 987 
traction, 39, 42 
use of, for fixation of fragments, 291 
instruments needed, 291 
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Wiring, circumferential, 384 Wounds, infected, Carrel-Dakin treatment, 
horizontal, 366 243, 245 


in fractures of mandible, 1174 
edentulous jaws, 384 
sound teeth both sides, 366 
one side, 374 
of maxilla, 392 
of patella, 1088, 1092 
interdental, 374 
operation of, 295 
Withington, Paul, 695 
Wolbach, 160, 165, 201 
Wolcott, W. E., 821, 824-829, 875 
Wolf and Neuhof, 644, 648 
Wolff, 1125 
Wolff and Forbes, 425 
Woodbury, 148 
Wooden splint in Colles’ fracture, 738 
in fractures of both bones of forearm, 690— 
692 ; 
Woolsey, 148 
Worcester, 587, 589 





Wright, L. T., head injuries, 416 

Wright and Connors, 429, 453 

Wright, Smith and Greene, 422, 423, 427, 431 

Wrist, contusion of forearm bones near, 731 
dislocation of, backward, 731 
fractures of, 749 

painful osteoporosis following, 715 

injuries of, differential diagnosis, 731 
movements of, measuring and recording, 22 
sprain of, 731 

Wristdrop in fractures of humerus, 603, 784, 791 


Youne, Archibald, 291, 301, 813, 1054, 1055, 
1142, 1143, 1144 
Young-Healey, 811 


ZADEK, 679 
Zierold, 308 














